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(R INTRODUCTION

In the Fall of 1989 the Alfred P. Sloan Foundation asked the Mathematics
and Physics Departments of the University of Michigan to examine the literature
to assess what is known and what strategies had worked in attracting women to
these fields. These departments enlisted the help of their social science
colleagues on campus and the Center for the Education of Women.

This report has two major goals, to provide a literature review of
published studies on wamen in science and mathematics, and to present
synopses of three studies that we carried out at the University of Michigan.

The literature review gives extensive coverage of materials that have
been pubiished on women a\ the college and post-college levels. Far fewer
studies have been conducted and published on gender issues at the college

than at the pre-college level. We occasionally refer to studies of high school

and elementary school children when they amplify a point that seems important
for undergraduate or graduate students. The review covers statistical trends;
studies of enrollment and attrition and of the background characteristics of
women who choose science and mathematics; studies of the individual and
environmental factors that influence these choices at the undergraduate and
graduate levels; and descriptions of interventions and special programs,
including research internships, that have been instituted to attempt to influence
the career decisions of women.

The studies conducted at the University of Michigan attempt to fill out
what is known about the experiences of women and men in mathematics and
science programs at a major research university. W focus on three groups of
students: 1) those who took Honors mathematics courses in their first semester
at Michigan in the fall terms of 1987 or 1988; 2) those who graduated with
degrees in mathematics and physics in 1990; and 3) women currently enrolled
in doctoral programs in mathematics and physics. In all three studies we focus
on what the students believe enhanced and inhibited their decisions to pursue
or not to pursue academic work and careers in mathematics and physics.

These materials lead to recommiendations for the design and direction of
future research. We end the report with recommendations for institutional
changes which our current analysis shows would have the greatest impact on

improving the academic experience of women in the fields of mathematics and
physics.
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I OVERVIEW
A. Statistical Trends
Proportional Increases for Women
Statistics provided by the National Research Council Survey of Earred
Doctorates, the National Science Foundation reports on the state oi
mathematics, science, and engineering, and the National Center for

Educational Statistics make clear that the proportion of degrees conferred on
women in these fields has increased over the past twenty years.

Dynamics of the Proportional Growth for Women

The dynamics through which this growth occurred varied over time.
Sometimes the proportional increases for women occurred because the drop in
enroliments was lower for women than for men. At other times, the number of
women enrolled actually increased while the number of men went down. At yet
other times, enrollments increased among both genders but more among
women than among men. Drawing conclusions about trends based on data
from any two to three year period therefore can be quite misleading. To obtain
a valid picture of trends, it is necessary to look at the relative enroliments of men
and women across a long span of years.

Qverall Enroliments

These proportional increases for women must be put in the context of
what has been happening to overall enrollments in the sciences and
mathematics. Physics and mathematics provide illuminating examples. The
absoclute numbers of degrees awarded, at all levels, declined drastically after
1970. Compared with 1969-70, in 1980-81 there were only 41% as many
mathematics bachelor's degrees awarded and in 1979-80 only 58% as many
physics doctorates. In the eighties these percentages have slowly increased to
where in 1989 physics awarded 78% as many bachelor's and 78% as many
doctorates as in 1970. Mathematics has rebounded much more slowly. In 1989
there were onily 67% as many bachelor's and 61% as many doctorates as in
1970.

These figures do not differentiate between citizens and non-citizens. For
U.S. citizens, the percentages for doctorates for the latter half of the eighties
need to be halved. The absolute numbers of citizens earning a mathematics
doctorate (both men and women) have been fiat for the latter half of the eighties.
In mathematics, in contrast with physics, at the bachelor's level, women are
approaching parity in numbers with men. However, many of the women are
specializing in actuarial science or teacher education, areas which do not
require a doctorate.




The ratio of bachslor's degrees to doctorates is sighificandy different for
physics and mathematics; the physics ratio is 8 to 12 times larger than the
mathematics ratio- in the two decades since 1970. Probably this reflects the
greater job opportunities for bachelor's in mathematics and the use of
undergraduate mathematics degrees as preparation for many graduate and
professional programs. But this ratio, coupled with the small number of
doctorates in mathematics compared with other fields of study and the slow
rebound in the number of bachelor's degree recipients, gives definite cause for
concern about whether the mathematics community will be able to meet the
nation's needs in the 1990s and beyond.

Student Interest

Studies of students' interest in science, mathematics, and engineering do
not provide an optimistic picture for the future. A smaller proportion of college
students in 1988 than in 1983 intended to major in these fields. This decline in
interest raises doubts as to whether or not the upturn in degrees awarded
around 1983 will be sustained into the 1990s.

T { Instituti Producing Mal | E le D |

Analyses of the undergraduate institutions that were attended by men
. and women earning Ph.D.s during the 1980s show that the types of institutions
that are effective in producing the nation's doctorates did not differ greatly for
men and women. Research Universities | (see Appendix) are the big producers
in all fields for both men and women. These large, prestigious research
universities are more effective, however, in sending on men than women to
mathematics and physics/astronomy. The large comprehensive colleges and
universities are the next most likely to produce Ph.D.s, although again in certain
fields (e.g., psychology, political science, and foreign languages), these types of
institutions are disproportionately effective with men. It is the prestigious liberal
arts colleges that stand out for being especially effective with women. In all

fields except English, a larger proportion of women than men who earned
Ph.D.s in.the 1880s had attended the prestigious liberal arts colleges.

B. Enroiifnent and Attrition: Making the Decision to Pursue
Mathematics and Physical Science
Differential High School Preparation; Not the Whole lssue

The high schooi years are a critical filter that can block or foster
advanced study in the sciences and mathematics. Although college women
who end up majoring in these fields are better prepared by their high school
courses than women who go into other fields, they are less prepared than male
students who go into mathematics and science. One of the continuing and
serious problems is that female students in high school still elect fewer
mathematics and science courses than male students.

]



Lack of preparation is not the whole story, however. There are enough
young women who are sufficiently prepared by high school background to
achieve parity with men as science majors as has occurred in mathematics. At
the University of Michigan in the fall of 1989, 76 percent of the females and 90
percent of the males entered with four years of high school mathematics. This
yields a sizeable group of female students who could potentially go into
mathematics and the sciences. Moreover, in the studies of Michigan
undergraduates included in this report, academic ability and preparation did not
differ substantially by gender.

The Decision P

Women who enter college with a commitment to some type of science
are more likely than their male counterparts to choose either biology or
medicine. In our study of students taking first year Honors mathematics, women
were more than twice as likely to go into medicine as into mathematics or pure
sciences, while men were three times as likely to choose mathematics or
sciences as medicine.

These intentions are not set in stone, however. Studies of men's and
women's decision processes indicate that women tend to make the decision to
pursue science careers later than men, so there is still an opportunity to attract
women into science in the early college years. In our study of mathematics and
physics majors, nearly half of the women had not entered college intending to
go into these fields. Our studies show, moreover, that experiences in initiai
college courses often influence the choice of major.

C. Peterminants of the Science/Mathematics Choice
Personal Determinants

The research on individual factors assumes that barriers to women's
achievement in mathematics and the sciances lie within the individual.
Sometimes it is arguad that women lack mathematics ability or spatial
visualization, although other researchers put less emphasis on ability than on

motivational factors such as self-confidence, attitude and interest among
women.

Ability: Studies of the abilities of males and females to perfoim certain
specific mathematical tasks (problem solving, spatial visualization, computation)
do not show a conclusive picture of gender differences. There is growing
agreement in the research literature that what differences do exist are already
quite small. Furthermore, these apparent task-related gender differences can
often be explained by difierences in preparation.

Self-confidence: Differences in self-confidence may account for why
more men than women go into the sciences and mathematics. Self-confidence
may well be the most distinguishing characteristic in the approach of men and
women to mathematics. It is impcrtant to note that women report lower

(9]
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confidence even whei: they perform as well as males, and that their confidence
drops during the critical early years in college. The situations which erode
confidence are those in which social comparisons are made publicly, those in
which performance feedback is somewhat ambiguous, and those in which the
task is societally defined as typically male. Women who succeed in
mathematics and physics show a high degree of self-confidence, but the causal
dynamics of this relationship are not yet understocd.

: Research shows little evidence of other motivational
differances that conceivably might account for the gender patterns in
mathematics and science. Studies of specific attitudes and preferences find
only small and often no gender differences. New research on the role of
emotion in problem solving and the learning of mathematics has not yet probed
the impact of gender. Finally, while there do seem to be some reliable gender
differences in relevant perscnality traits and in causal attributions, these
differences are not large enough to account for the clear edge that males have
in choice, retention, and achievement in mathematics and science.

Gender Stereotypes

Seli-confidence and sex-role congruency are intertwined in their effects.
Women students do not easily venture into a sex-role inappropriate realm and
must have unusually strong confidence in their abilities to counter societal
definitions of appropriate gender roles. The gender stereotypes which depict
mathematics and science as male endeavors continue to affect women's
choices of majors and careers.

Environmental Influences

We have already noted that initial college courses and overall college
experiences influence women's choice of majors. In general, the research on
environmental factors shows that women are especially sensitive to cues from
the environment that teil how well or how poorly they are performing and how
likely or unlikely it is that they wili succeed. Women's socialization trains them
to be more sensitiva than men to negative experiences of the environment, as
well as more sensitive to supportive ones.

Many studies of environmental factors have focusaed on classroom
dynamics and in particular on possible differences in the interactions between
teachers and their male and female students, differences in the responses of
male and female students to teaching style, differences in responses to
competition between students and to classroom climate, and differences in the
social support given to male and female students.

Encouragement: Direct encouragement, getting information about
opportunities, being taken seriously by teachers and counseiors, and having a
comfortable relationship with an advisor are all important to both men and
women. But according to the published literature and cur own studies, women
students report receiving fewer of these positive experiences. In our studies of

- A
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majors In mathematics and physics and of students who took Honors
mathematics, we found that the female students had received less
encouragement and less information about accelerated course work than had
the male students. Our focus groups with current graduate students in these
fields confirm that encouragement from faculty members, parents, and peers
during the undergraduate years was critical in bringing about their eventual
commitment to pursue advanced degrees.

The effectiveness of the prestigious liberal arts colleges in sending
women on to doctoral work may stem from the amount of ancouragement and
feedback which can occur more neturally in a small depariment.

Besearch Internships: Research internships help both men and women
students. These experiences are especially useful for students who are
uncertain of their career paths. Students are more likely to continue in
mathematics and science fields if they have opportunities to work in science
laboratcries and other research settings. For women, the close interaction with
a faculty member plays an irnportant role in building self-confidence.

Gender-Biased Classroom Experiences: There is some evidence that
women majoring in mathematics and science have more negative ciassroom
experiances than women in other fields. The women report feeling put down,
being called upon less frequently, patronized, and ignored. Both men and
women mathematics and physics majors agreed that the gender of a student
has an effect on how the student is treated, and the women students were
nearly unanimous in the view that it is women who are treated less positively.
There are, however, some teachers who are particularly successful in
encouragirig women to go on in science and mathematics. These teachears
include information on women scientists in the curriculum, avoid sex-
stereotyped views of science and scientists, and are sensitive to not using sexist
language.

Mathematics as Problem Solving: The research literature provides some
evidence that men and women students approach the study of mathematics
somewhat differently. Women more than men tend to perceive mathematics as
something done according to rules and may be less likely to seek alternative
approaches to a problem. A less algorithmic approach to calculus would
probably have a significant impact on attracting and retaining women students,
as would a problem solving course requirement. Preliminary results from a
University of Michigan freshman combinatorics class and a new innovative
chemistry course indicate that women may flourish in discovery-based classes.

Competitive Environments: Women generally respond negatively to
what is perceived as an overly compaetitive environment. The general literature
we have reviewed and our own study of Honors mathematics students indicate
that women find cooperative atmospheres somewhat more helpful and
competitive atmospheres more harmful than do male students. The research on
comgetition, however, has not distinguished between various types of
competition or exactly why an environment is perceived as competitive. Most
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often the studies simply present the terms, "competition” .and "cooperation,” and
let students provide their own definitions. The studies look at practices such as
grading on a curve, ability grouping, individual and team competitions for
prizes, and excessive emphasis on grades. Since these practices inevitably
involve individual social comparisons, they have a negative effect on the
confidence of women students. More research needs to be done to find out
exactly why competitive environments seem to deter women more in science
and mathematics than in other fields, and to delineate which competitive
practices have the most negative impact.

D. Description of Current Intervention Programs

Many colleges have designed programs to increase the numbers of
women who complete degrees in mathematics and the physical sciences: Most
of these programs can be grouped under the foliowing headings: '

1. Recruitment and attempts to stimulate women's interest in the career.
2. Support (e.g. mentoring, networking, peer groups)
3. Internships and apprenticeships. )
4. Re-designing courses and degree programis.
3

Very few programs have been developed to change the institutions
themselves by restructuring the academic envnronment or by changing the
attitudes and behavior of faculty members.

Unlversity of Michi Studi

If the pool of U.S. mathematicians and physicists is to be enlarged,
research universities must play a central role. Yet few studies have examined
the experience of mathematics and physics undergraduate and graduate
students in major research universities.

In order to address this knowledge gap, during the past year three
studies were conducted at the University of Michigan under the auspices of the
Sloan Project. Each of these studies explored students' perceptions and the
factors which contributed to student persistence or attrition.

The first of the three studies surveyed students who were enrolled in first
semester Honors mathematics courses during the Fall Terms of 1887 or 1988.
The study documents a high "dropout" rate in terms of continuing mathematics
enrollments. Gender differences revealed by the study appear to be based on -
differences in perception, not in ability. j

The second study examined the expenence% of students who graduated
with majors in mathematics and physics in 1990. While this study revealed few
gender differences, the differences which did emerge were consistent with
those identified in the study of Honors mathematics enrollees and in the larger
body of research literature. Even among those who completed mathematics
and physics majors, women were less likely to fing encouragement-in their
- S

«i /)
A




departments, less likely to find professors to take a special interest in them, and
had slightly lower self-confidence than their male counterparts.

The third study involved two focus groups of women graduate students in
mathematics and physics. Several themes emerged from the qualitative
analysis of the focus group content that were again consistent with the literature
and the data from the two Michigan surveys. For example, encouragement from
faculty and parents played a key role in the women's undergraduate experience
and their decision to persist in their studies.

Summary and Evaluation of Past Research
Summary of Research Results

The existing research reveals significant gender differences in the areas
of self-confidence, amount of interaction with faculty, level of faculty
expectations and encouragement, response to competitive situations, response
to poor and alienating teaching, and relative chilliness of the scientific climate
as a result of gender bias and stereotyping.

There are also small differences between male and female students on
measures of problem-solving ability, personality traits of independence and
creativity, and attribution patterns.

R h Design Limitat]

Our review of the research literature reveals five major limitations that
should be addressed in future studies.

First, the majority of studies of both personal and environmentai
determinants of students' choices and achievement in mathematics and science
focus on the elementary and secondary level. Much less research has been
done at the coliege level, and virtually no systematic research is being carried
out on graduate students.

Second, intervention programs have not been accompanied by any long-
term studies of effect. Very few programs use random assignment so that effect
could be reliably assessed. And the intervention programs do not appear
designed to address the issues raised by the research.

Third, since much of the research has been carried out in single
institutions, there is a need for a national study of students enrolled in a
representative sample of different types of institutions.

Fourth, although career choice occurs across time, the research literature
on choice of mathematics and science depends almost entirely on cross-
sectional rather than longitudinal studies.




Fifth, given the importance of environmental factors, there is a critical
need for carefully designed observational studies in which the impact of
classroom dynamics and the academic climate can be studied in depth.

Recommendations

Our review of the material and our own research studies suggest the
need for both new designs and new directions for future research. However, we
do not need the resulis of additional research to recognize the many forces
which erode women's confidence and undermine their abilities. Qur analysis
points to the need for intervention programs aimed at orienting women towards
graduate school and mathematics and science careers. We also recommend
a set of goals and sirategies to bring about change within the institutional
structure of departments, colleges and universities. The academic experience
of women will be improved by programs which strengthen the communication
between students and faculty; programs which increase the numbers of women
students and faculty; and programs which provide an academic atmosphere in
which women are expected to succeed and in which sufficient numbers of
successful women are visible at all levels.

10“5




lil. LITERATURE REVIEW

A. Statistical Trends

Women now enter both undergraduate and graduate degree programs in
engineering and computer sciences in much+larger numbers than they did
twenty years ago. The proportion of degrees conferred on women in both of
these fields has increased as well. In mathematics and physics, however, the
absolute number of women earning degrees is down at ali levels; but since the
number of men has gone down relatively more, the proportion of degrees
awarded women has increased. These trends are now weli documented. \See
Jagacinski and LeBold, 1981; Vetter, 1981, 1988.)

The field of engineering illustrates the shift that has taken place for
women. (See LeBold and LeBold, 1987, for a detailed discussion of the
statistics presented here.) During the period 1971-1985, the percentage of
women students enrolled in engineering programs rose from 2.6 percent to 16.5
percent. Likewise, the percentage of Bachelor of Science degrees awarded to
women in engineering during this period rose from .8 percent to 14.7 percent.
Corresponding increases occurred in engineering fields for the awarding of
both master's degrees (from 1.0 to 10.2 percent) and Ph.D.s (from .7 to 5.7
percent).

Similar gains for women have taken place since 1971 in the field of
computer science. In 1971, women earned 14.5 percent of the baccalaureates
in the field of computer science. These percentages had more than doubled by
1980, with 30.3 percent of the degrees going to women (Vetter, 1981).

atics

The picture is also one of relative growth for women in mathematics and
physics. In both fields, a larger proportion of degrees at all levels is now
conferred on women than in 1970. Throughout the past twenty years, the
absolute numbers of women earning degrees (and the proportion of degrees
given to women) has always been greater in mathematics than in physics.

In mathematics, the proportion of degrees earned by women increased
between 1970 and 1989 from 37 to 46 percent at the bachelor's level, from 30
to 40 percent at the master's level, and from 8 to 18 percent at the Ph.D. level.
The dynamics behind these increases are similar at all levels. In general, the
percentage increase in degrees awarded to women has resulted from two
change processes. Earlier in this period the percentage increase occurred
because the drop in the number of women getting degrees in mathematics was
relatively lower than the drop among men. Then, when the number of students
going into mathematics began to increase in the mid-1980s, there was also an
increase in the proportion of degrees conferred on women. This was because

11 15




the numbers of women earning mathematics degrees increased relatively more
than the numbers of men. (See Tables 1 and 2.)

In physics, the percentage gain that women achieved over most of the
past twenty years has also resulted from gender differerices in relative
decreases and increases in numbers of degrees awarded. Earlier in this period
the proportional increase for women occurred because the drop in the number
of women getting degrees in physics was relatively lower than the drop among
men. And later the increased rumber of degrees awarded to both men and
women was proportionately greater for women. The proportion of degrees
given to women increased between 1970 to 1989 from € to 15 percent at the
bachelor's level, from 7 to 17 percent at the master's level, and from 2 to 9
percent at the Ph.D. level. (See Tables 3 and 4.)

Eoroliment and Graduation Trends

First, the increases in the proportion of degrees earned by women since
1970 must be put in the context of what was happening to overall enroliments in
these two fields. The absolute numbers of degrees awarded, at all levels,
declined drasticaily after 1970. Compared with 1969-70, in 1980-81 there were
only 41% as many mathematics bachelor's degrees awarded and in 1979-80
only 58% as many physics doctorates. In the eighties these percentages have
slowly increased to where in 1989 physics awarded 78% as many bachelor's
and 78% as many doctorates as in 1970. Mathematics has rebounded much
more slowiy. In 1989 there were only 67% as many bachelor's and 61% as
many doctorates as in 1970.

Second, the dynamics through which the proportional increases for
women occurred varied over time. Somsetimes the proportional increases for
women took place because the drop in enrollments was lower for women than
for men. At other times, the number of women enrolled actually increased while
the number of men went down. At yet other times, enroliments increased
among both genders but more among women than men. Drawing conclusions
about trends based on data from any two- to three-year period therefore can be
quite misleading.

Third, since these figures do not differentiate between citizens and non-
citizens, the importance of drawing more students, and espscially women and
other underrepresented groups, into mathematics and science is perhaps not
as dramatically presented as it should be. For U.S. citizens, percentages for
the doctorates for the latter half of the eighties reed to be halved. The absolute
numbers of citizens earning a mathematics doctorate (both men and women)
have been flat for the latter half of the eighties. In mathematics, in contrast with
physics, at the bachelor's level, women are approaching par in numbers with
men. This suggests that growth in the number of mathematics doctorates will
need to come from both men and women and perhaps especially from women
(see Figure 1).

12
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Fourth, the ratio of bachelor's degrees to doctorates is significantiy
different for physics and mathematics: the physics ratio is 8 to 12 times larger
than the mathematics ratic in the two decades since 1970. Probably this
reflects, in part, the greater job opportunities for bachelor's in mathematics. But
this ratio, coupled with the small number of doctorates in mathematics
compared with other fields of study and the slow rebound in the number of
degree recipienis, gives definite cause for concern as to whether the
mathernatics community will be able to meet the nation's needs in the nineties.

Decline in Interest

A declining interest in the sciences and engineering has been reported
for both males and females. In 1988, roughly 23 percent of college women
intended to major in a science field, whereas 27 percent had that intention in
1983. The decline in interest (30 v. 21 percent) was even greater for college
men. The field of computer science has witnessed some of the most dramatic
declines. in 1988, only 2 percent of college women planined to go into this field,
compared to 9 percent in 1983. The comparable percentages for men were 4
percent in 1988 and 12 percent in 1983. (Task Force on Women, 1989.) This
picture of declining interest raises doubts as to whether or not the upturn in
degrees awarded in mathematics and physics around 1983 will be sustained
when degree figures are available for the early 1990s.

Undergraduate Programs Producing Students Who Earn Advanced Degrees

The National Research Council has collected data on the types of
institutions that men and women earning Ph.D.s in the 1980s had attended as
undergraduates. Most of the doctorates were earned by students who had
attended eight types of institutions, as classified by the Carnegie Code:
Research Universities |, Research Universities 1i, Doctorate Granting
Universities |, Doctorate Granting Universities ||, Comprehensive Universities
and Colleges I, Comprehensive Universities and Colleges il, Liberal Arts
Colleges |, and Liberal Arts Colleges Il. (See Appendix A for the description of
the Carnegie Codes defining these eight types.)

Figures 2a - 2j show the proportions of doctorates earned by men and
women in four natural science fields, three social science fields, and two
humanities fields in relation to the types of undergraduate colleges and
universities attended.

Overall, research universities accounted for the largest proportions of
doctorates earned by both genders in all fields. Some differences by field are
notable, however. Students who earned doctorates in mathematics, physics,
and biology were the most likely to have attended these large, research
universities, while those who earned doctorates in chemistry and English were
somewhat less likely to have done so. These differences by field exist among
both men and women. To some extent, type of institution is a factor in the
doctorates earned by men and women. Mathematics and physics show a
remarkably similar gender pattern. A larger proportion of men than women who




earned doctorates in these fields had attended Research Universities |, and a
smaller proportion of men than women had attended Comprehensive
Universities and Colleges, as well as Liberai Arts Colleges |. These differences
range between 7 and 12 percent.

These overall generalizations do not capture an interesting phenomenon
that is revealed by analyzing which institutions produced as many as five
women earning degrees in physics/astronomy and in mathematics in this
decade. In this analysis, liberal arts colleges are shown to be much more
prominent in educating the women earning degrees in physics/astronomy than
in mathematics. Eleven of the 31 institutions that produced as many as five
women who subsequently earned Ph.D.s in physics/astronomy were
prestigious fiberal arts colleges. They include fairly equal numbers of women's
and co-educational colleges. (The womsan's colleges are Wellesley, Mount
Holyoke, Bryn Mawr, Smith, Radcliffe, and Barnard; the co-educational colleges
are Dartmouth, Swarthmore, Carleton, Oberlin, and Harvey-Mudd.) The list of
institutions producing as many as five women who subsequently earned Ph.D.s
in mathematics is quite different. Only three of the 41 institutions that managed
to send on that many women to mathematics higher degrees were liberal arts
colleges, and all were women's colleges (Smith, Vassar, and Bryn Mawr).

The aggregate figures represented in graphs (Figures 2a - 2j) show
some commonalities across certain fields. A common pattern with respect to
gender can be seen in chemistry and biology. In both of these fields, across
several types of institutions, there are minor gander differences all of which
favor men. These differences ate largely compensated by the prestigious
liberal arts colleges which were attended by larger proportions of women than
men who subsequently earned doctorates in biology and chemistry. Only 12
percent of men who earned doctorates in chemistry had attended the
prestigious liberal arts colieges, while 17 parcent of women had done so; in
biology the contrast is 10 and 15 percent.

Economics and history have a gender pattern remarkably like that of
biology and cheristry. Overall, there are only minor differences favoring me:
across several types of institutions. These differences again.are compensated
largely by the prestigious liberal arts colleges, which a larger percentage of
women than men in these fields had attended. Only 12 percent of the men but
22 percent of the women who subsequently earned Ph.D.s in economics had
attended liberal arts colleges, and in history, only 14 percent of the men but 23
percent of the women had done so.

Psychology, political science, and foreign languages share another
gender pattern. In these fields, gender differences show up with respect to the
large Comprehensive Universities. A larger proportion of men than women who
earned doctorates in these fields had gone to this category of undergraduate
institution. This male edge is compensated by a female edge in attending
Liberal Arts Colleges |.

e
e
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English stands alone in showing no significant gender differences in the
types of undergraduate institutions that people who earned Ph.D.s had
attended.

Overall, it appears that while men earning Ph.D.s in most of these fields
still outnumber women by a large margin, the types of institutions that are
effective in producing the nation's doctorates in the 1980s did not differ greatly
for men and women. Research Universities | are the big producers in all fields
for both men and women, although they are more effective in sending men on to
mathematics and physics/astronomy. The largest comprehensive colleges and
universities are the next most likely to produce Ph.D.s, although again in certain
fields (psychology, political science, and foreign languages), these types of
institutions are disproportionately effective with men. It is the prestigious liberal
arts colleges that stand out for being especially effective with women. In all
fields, except English, a larger proportion of women than men who earned
Ph.D.s in the 1980s had attended the prestigious liberal arts colleges.
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Year

1968-70
1970-71
1971-72
1972-73
1973-74
1974-75

1975-76

1976-77
1977-78
1978-79
1979-80
1980-81
1981-82
1982-83
1983-84
1984-85
1985-86
1986-87
1987-88
1988-89

Sources: Grant, W. Vance and Lind, C. George, Digest of Education Statistics, 1979, pp.120-21; Grant, W,

TABLE 1

Earned Degrees in Mathematics Conferred by Institutions of Higher Education
by Level of Degree, for Women:  69-70 to 1988-89

Bachelor's degrees

Total Women %Women
27,422 10,265 37
24,801 9,432 38
23,713 9,259 39
23,067 9,271 40
21,635 8,844 41
18,181 7,595 42
15,984 6,509 41
14,196 5,893 41
12,569 5171 41
11,806 4907 42
11,378 4,816 42
11,173 4,781 43
11,708 5,058 43
12,557 5,498 44
13,342 5,914 44
15,267 7,036 46
16,388 7616 46
16,626 7,726 48
16,122 7,460 46
15,439 7,106 46

5,636
5,191
5,198
5,028
4,834
4,327
3,857
3,695
3,373
3,036
2,860
2,569
2,731
2,839
2,749
2,888
3171
3,327
3,434
3,431

Master's degrees
Total Women

1,670
1,518
1,643
1,503
1,497
1,422
- 1,310
1,299
1,145
1,051
1,032
877
910
980
954
1,011
1,116
1,301
1,377
1,370

%Women

30
29
30
30
31
33
34
35
34
35
36
34
33
34
35
35
35
39
40
40

Doctor's degrees
Total Women%Waomen

1,236
1,199
1,128
1,068
1,031
975
856
823
805
730
724
728
720
701
698
688
729
740
749
861

96

96

89
102
100
110

94
109
124
122
100
112

96
113
115
106
121
125
121
156

and Elden, Leo J., Digest of Education Statistics, 1980, p.123; U.S. Department of Health, Education and
Waelfare, National Center for Education Statistics, reports on Earned Degrees Conferred, 1980, pp.120-24;

National Science Foundation, SRS, 1990, pp.133-135, 141-143, 146-148; National Research Council Survey

of Earned Doctorates, 1390.
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TABLE 2

Earned Degrees in Mathematics Conferred by Institutions of Higher Education,
by Level of Degree, for Men: 1969-70 to 1988-89

Year Bachelor'a degrees Master's degraees Doctor's degrees
Total Men %Men Total Men  %Men Total Men %Men
1969-70 27,442 17,117 63 5,636 3,966 70 1,236 1,140 92
1970-71 24,801 15,369 62 5191 3,673 YAl 1,199 1,108 92
1971-72 23,713 14,454 61 5,198 3,655 70 1,128 1,039 92
1972-73 23,067 13,796 60 5,028 3,525 70 1,068 966 80
1973-74 21,635 12,791 59 4,834 3,337 69 1,031 931 90
1974-75 18,181 10,586 58 4,327 2,905 67 975 865 89
1975-76 15,984 9,475 59 3,857 2,547 66 856 762 89
1976-77 14,196 8,303 58 3,695 2,396 65 823 714 87
1977-78 12,569 7,398 59 3,373 2,228 56 805 681 85
1978-79 11,806 6,899 58 3,036 1,985 65 730 608 83
1979-80 11,378 6,562 58 2,860 1,828 64 724 624 86
1980-81 11,173 6,392 57 2,569 1,692 66 728 616 85
1981-82 11,708 6,650 57 2,731 1,821 67 720 624 87
1982-83 12,667 7,059 56 2,839 1,859 65 701 588 84
1983-84 13,342 7,428 56 2,749 1,795 65 698 583 84
1984-85 15,267 8,231 54 2,888 1,877 65 688 582 85
1985-86 16,388 8,772 53 3,171 2,055 65 729 608 83
1986-87 16,626 8,900 53 - 3,327 2,026 61 740 615 83
1987-88 16,122 8,662 54 3,434 2,057 60 749 628 84
1988-89 15,439 8,333 54 3,431 2,061 60 861 705 82

Sources: Grant, W. Vance and Lind, C. George, Digest of Education Statistics, 1979, pp.120-21; Grant, W.
and Elden, Leo J., Digest of Education Statistics, 1980, p.123; U.S. Dapartment of Health, Education and
Walfare, National Center for Education Statistics, raports on Earned Degrees Conferred, 1980, pp.120-24;
National Science Foundation, SRS, 1990, pp.133-135, 141-143, 146-148; National Research Gouncil Survey
of Earned Doctorates, 1990. .




TABLE 3

Earned Dagrees in Physics Conferred by Institutions of Higher Education,
by Level of Degree, for Women: 1969-70 to 1988-89

Year Bachelor's degrees Master's degrees Doctor's degreas
Totai Women %Women Total Women %Women Total Women %Women

1969-70 5,320 327 6 2,200 157 7 1,439 37 2
1970-71 5,071 342 7 2,188 150 7 1,482 43 3
1971-72 4,634 320 7 2,033 159 8 1,344 43 3
1972-73 4,259 310 7 1,747 113 6 1,338 51 4
1973-74 3,952 334 8 1,655 135 8 1,115 49 4
1974-75 3,706 359 10 1,574 124 8 1,080 52 5
1975-76 3,544 388 11 1,451 132 9 997 45 4
1976-77 3,420 358 10 1,319 126 9 945 55 <]
1977-78 3,330 369 11 1,294 123 9 873 49 6
1978-79 3,337 399 12 1,319 135 10 918 66 7
1979-80 3,396 434 13 1,192 118 10 ‘830 63 8
1980-81 3,441 432 12 1,294 115 9 906 62 7
1981-82 3,475 461 13 1,284 156 12 912 68 7
1982-83 3,800 483 13 1,370 162 12 928 59 6
1982-84 3,921 560 14 1,535 194 13 982 67 7
1984-85 4,11 561 14 1,523 190 12 980 91 9
1985-86 4,189 811 16 1,501 224 15 1,078 100 9
1986-87 4,324 695 16 1,543 242 16 1,137 107 9
1987-88 4,103 611 15 1,681 253 15 1,173 114 10
1988-89 4,437 642 15 1,739 291 7 1,185 102 9

Sources: Grant, W. Vance and Lind, C. George, Digest of Education Statistics, 1979, pp.120-21; Grant, W.
and Elden, Leo J., Digest of Education Statistics, 1980, p.123; U.S. Department of Health, Education and
Woeliare, National Centar for Education Statistics, reports on Earned Degrees Conferred, 1980, pp.120-24;
National Science Foundation, SRS, 1990, pp.133-135, 141-143, 146-148; National Research Council Survey
of Earned Doctorates, 1980.




TABLE 4

Earned Degrees in Physics Canferred by Institutions of Highar Education,
by Level of Degree, for Man: 1969-70 to 1988-89

Year Bachelor's degrees Master's degrees Doctor's degrees
Total Men %Men Total Men  %Man Total Men %Men
1969-70 5320 4,993 94 2,200 2,043 93 1,439 1,402 97
1970-71 5,071 4,729 93 2,188 2,038 93 1,482 1,439 97
1971-72 4,634 4,314 93 2,033 1,874 92 1,344 1,310 97
1972-73 4259 3,949 63 1,747 1,634 93 1,338 1,297 96
1973-74 3,952 3,618 91 1,656 1,520 92 1,118 1,068 96
1974-75 3,706 3,347 90 1,574 1,450 92 1,080 1,028 95
1975-76 3,544 3,156 89 1,451 1,319 91 997 952 95
1976-77 3,420 3,062 89 1,319 1,193 90 945 890 94
1977-78 3,330 2,961 89 1,294 1,171 90 873 824 94
1978-79 3,337 2,938 88 1,319 1,184 90 918 852 93
1979-89 3,386 2,962 87 1,192 1,074 90 830 767 92
1980-81 3,441 3,009 87 1,294 1,179 91 906 844 93
1981-82 3,475 3,014 87 1,284 1,128 88 912 844 92
1982-83 3,800 3,317 87 1,370 1,208 88 928 869 94
1983-84 3,921 3,361 86 1,835 1,341 87 982 91§ 93
1984-85 4,111 3,550 86 1,523 1,333 87 980 889 91
1985-86 4,189 3,578 85 1,501 1,277 85 © 1,078 978 91
1986-87 4,324 3,629 84 1,543 1,300 84 1,137 1,030 91
1987-88 4,103 3,492 85 1,681 1,428 85 1,173 1,059 90
1988-89 4347 3,705 85 1,739 1,448 a3 1,165 1,063 91

Sources: Grant, W. Vance and Lind, C. George, Digest of Education Statistics, 1979, pp.120-21; Grant, W,
and Elden, Leo J., Digest of Education Statistics, 1980, p.123; U.S. Department of Health, Education and
Waeifare, National Center for Education Statistics, repaits on Earned Degrees Conferred, 1980, pp.120-24;
Nationa! Science Foundation, SRS, 1990, pp.133-135, 141-143, 146-148; National Research Council Survey
of Earned Doctorates, 1990.
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FIGURE 1

NUMBER OF PH.D's AWARDED US CITIZENS

(1979 - 1989)
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FIGURE 2a
Proportion of Ph.D. Degree Recipients
Who Had Attended Ten Types of
Undergraduate Degree Institutions
(Decade of the 1980's)
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FIGURE 2b
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FIGURE 2d
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FIGURE 2e
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FIGURE 2g
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FIGURE 2h
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FIGURE 2i

English
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FIGURE 2j

B Women
B Men

‘PWidUN/IBYIO

Foreign Language

yoe ) uibug yos
I O suvan
1 O suyan
Il o/nydwog

| o/ndwod

Y

N ad

o ad

Il n'sey

1 n'sey

40

30

20

Yo

10

o

VRV

30




B. Enroliment and Afirition Studies: Making the Decision to
Pursue Mathematics and Physical Science

Studies have attempted to pinpoint the exact timing of the decision to
select mathematics or p:iysical science as a college major and to identify what
factors affect that choice. As girls progress through the school system, they
experience both internal and environmental pressures which increase or
diminish their interest in a science career, but unless a girl elects sufficiently
difficult mathematics courses in high school, she will not arrive in college with
the option of majonng in science. High school mathematics courses have been
described as a "critical filter" which can block the entrance into science
disciplines. Brickhouse, Carter, and Scantlebury (1990) describe the under-
representation of women in chemistry and point to mathematics as the
gatekeeper for chemistry and the other physical sciences. In a study of high
ability students at one selective liberal arts college, Lovely (1987) noted that
hlgh school preparation is the key to increasing female participation in the
sciences. He found a link between high Mathematics SAT and Advanced
Placement (AP) test scores in high school, and choice of science majors in
college.

In the past, patterns of enroliment in high school mathematics classes
showed that girls take fewer and less advanced courses. In 1988 the
Educational Testing Service analyzed the course-taking patterns of college-
bound seniors. They found that equal percentages of each gender began the
mathematics sequence with the first algebra course (87% of both girls and
boys). However, as the students progressed through the sequence fewer and
fewer girls remained. In the terminal calculus course only 15% of the original
females versus 21% of the males were still enrolled. The most recent data on
AP test takers indicate, however, that women have nearly reached parity with
men.

Investigators have suggested a number of possible reasons that girls
elect fewer mathematics and science courses than boys. These include the
characterization of these fieilds as masculine (Ehrhardt and Sandier, 1987);
lack of parental encouragement (Kahle, 1983; Jacobs and Eccles, 1985;
Campbell, 1986); and lack of teacher and counselor encouragement (Haven,
1972; Casserly, 1975; Luchins, 1976; Sherman, 1979; Eccles-Parsons, 1984;
Wilkinson and Marrett, 1985; Andrews, 1989; Erickson et al., 1987). Each of
these factors will be discussed individually later. Interestingly, in spite of the
difficulties involved in changing societal behavior patterns, a recent program in
Minnesota shows that negative influences can be countered by aggressive
intervention. The participation and retention of girls in the University of
Minnesota Talented Youth Mathematics Program improved dramatically when
the program targeted informational counseling, and support issues (Keynes,
1991).

Comparisons of college women majoring in mathematics and science
and those majoring in other fields show that the former group have more prior
preparation in mathematics and science; although they are somewhat less
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prepared than men who go into mathematics and science. Women choosing
mathematics and science disciplines have generally taken more mathematics
and science courses in high school than their female age mates choosing other
majors (Ehrhardt and Sandler, 1987; Meisel, 1983), and have earned higher
high school grades than other women (NSF, 1990). Women science majors are
also more likely to have taken Advanced Placement examinations in high
school (Lovely, 1987; Meisel, 1983; Manis et al, 1989). The mathematics SAT
scores of women science majors are also higher than for those for women in
other majors, although the scores of women science majors are still lower than
scores of male science majors (Manis, et al, 1989).

In spite of the potentially serious problem of weaker high school
mathematics and science proparation, many young women do enter college
with sufficient course work to select a science major. For example, at the
University of Michigan in the fall of 1989, 76% of all freshman females and 90%
of the freshman males in the College of Literature, Science, and the Arts had
completed four years of high school mathematics. But data from the same fall
on seniors in Literature, Science, and the Arts shows that only 10% of the
women and 18% of the men were mathematics or science concentrators.

Studies done at the University of Michigan explored whether women with
an initial interest in science maintain that interest, and whether women who
haven't decided on a major are attracted into science during their beginning
years in college. The Center for Continuing Education for Women (Manis et
al., 1989) found that there was considerable movement by women away from
science majors with no corresponding attraction into scientific fields of students
who were initially irterested in other fields.

The picture for honors students differs somewhat. The study of University
of Michigan honor mathematics courses (see Section IV of this report)
indicates that the students moving out of natural science are replaced by
previously undecided students. Gender does not seem to be an important
factor here except that many of the women taking freshmen honors mathematics
were already firmly committed to medical careers before coming to college. In
the broader group of all women who eventually majored in mathematics or
physics, nearly nalf of them did not come to college with such an intention. It is
usual for women to decide to become mathematics teachers or actuaries aftar
they have gone through the entry-level mathematics courses (see U/M

graduating seniors in Mathematics and Physics, this report, Section IV).

Initial college courses play a role in determining a woman student's
choice of major. University of Michigan women who expressed an initial
interest in science ware greatly influenced by experiences in their first college
science courses (Meisel, 1983). It appears that the subjective quality of the
undergraduate experience, as much as the content of the courses, can
contribute to the decision to pursue a science career. Ethington, Sman, and
Pascarella (1987) found that the undergraduate experience continues to have
an influence on women's choices throughout their engineering careers.
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There is also some evidence that men's and women's decision
processes differ. Women engineers tend to make the decision to pursue
engineering later than men. Jagacinski (1987) shows that while more than half
of male engineers had decided on an engineering career while still in high
school, more than half of the women studied did not choose engineering until
they had completed college. These female engineering recruits generally earn
higher college grades than do men majoring in engineering (Jagacinski,
LeBold and Linden, 1987).

Once a woman has decided to major in science, she is more likely than a
male student to complete her bachelor's degree, and with good grades; but
many women go no farther. The situation for women entering and completing
graduate school is summed up in the pipeline model (Widnall, 1988). Only 20%
of the women who enter college prepared to major in science actually choose a
science or mathematics major, and these women are only half as likely to obtain
a science doctorate as are their male counterparts. The National Science
Foundation (1990) reports that women earn just 25% of all master's degrees
awarded in the physical sciences and 17% of the doctorates in these same
fields. In addition to the under-representation of women earning degrees in the
physical sciences and mathematics, NSF (1990) found that the women took
longer to complete their degrees than the men did. Proportionateiy fewer
women than men had completed a master's degree in science, mathematics or
engineering two years after earning a bachelor's degree in these fields.
Similarly, the median time elapsed between completing the bachelor's and the
doctorate degree is longer for women than for men. This may suggest that
women follow a less direct path from undergraduate study to completion of a
graduate degree (Nettles, 1990, and UM Honors Study).

In summary, the evidence in numerous studies shows that fewer women
than men earn bachelor's, master's, and doctoral degrees in mathematics and
science. The naticn must recruit and retain talented young people to these
fields, and the problem of how to attract and retain talented women must be
seen in this context.

C. Background Characteristics of Women in Science,
Mathematics, and Engineering

Comparisons of male and female college students majoring in
mathematics, science, and engineering reveal differences in personal
background. More women than men in science tend to come from families in
which parents have above average levels of education and are involved in
science carears. Mothers of women science majors are more likely than
mothers of male science majors to be professionals and scientists (Ehrhardt
and Sandler, 1987; Meisel, 1983). An exception to this is that more women
‘than men studying engineering technology come from a lower socioeconomic
backgrounds (Rudnick, 1984).




D. nan Women's Achievement in
Mathematics and Science

The research on women's achievement in mathematics and science falls
generally into three categories: the individual perspective, environmental
factors, and the interactionist view. Studies of individual factors generally focus
on ability, self-concept, attitudes, interests, values or affect. Studies of
environmental factors generally emphasize classroom dynamics, opportunities
for internships and social support. The intaractionist view combines both
internal and external factors and often presents causal models of their
respective impact on women's achievement.

Individual Fact

The research on individual factors assumes that barriers to women's
achievement in mathematics and the sciences lie within the individual.
Sometimes it is argued that women lack mathematics ability or spatial
visualization, although other researchers put less emphasis on ability than on
motivational factors such as self-confidence, attitude and interest probiems.

al_Ability: Because the age at which gender differences in
mathematics ability first appears is of critical importance in detarmining whether
gender differences are held to be genetic or leamed, most of the literature on
ability factors is focused on the elementary or junior high school level.

There are no clear winners in the current debate regarding gender
differences in intellectual ability. According to Ethington and Wolfle (1986),
there are four primary explanations for the variance in mathematical
performance between boys and girls: superior mathematical ability of males
compared to females (Benbow and Stanley, 1980, 1983); differences in spatial
abilities (Maccoby and Jacklin, 1974); social-psychological factors (Fennema
and Sherman, 1977); and different coursework experiences (Ethington and
Wolfle, 1984, 1986).

Benbow and Staniey (1980, 1983) are strong advocates of a biological
explanation. They believe that biological factors explain gender differences in
mathematical reasoning, although their critics contend that Benbow and
Stanley have not actually provided biological data to support their view.

Many studies have sought to determine if males and females do perform
differently on skilis that underlie competence in mathematics. This research on
specific mathematical skills shows contradictory evidence. Some conclude that
women do perform less well than men. Linn and Petersen (1986) present a
comprehensive overview of this literature focusing specifically on gender
differences in spatial ability, which many argue is the basis for gender
differences in mathematics and science achievement. Using meta-analysis,
they discover that most of this research can be distilled into four different




perspactives, using concepts such as spatial perception, mental rotation and
spatial visualization, therefore providing many different measures. They
conclude that there are inconsistent inferences made about gender differences
and evidence is largely lacking to make a strong statement in either direction.

Fennema and Sherman (1977) argue that the most important question is
what underlies gender differences on skills such as these. They believe that
sociocultural experiences are critical. They and others (Linn and Hyde, 1989;
Linn and Petersen, 1986; Ethington and Wolfle, 1986; Boli, Allen and Payne,
1985; Goldman and Hewitt, 1976) claim that male-female differences in course
preparation primarily explain why men perform better on spatial and problem-
solving tasks. The best predictors of success on such tasks are numbetr of
mathematics courses taken and intelligence test scores.

Some question whether male and female students differ at all on such
mathematical tasks. Goldman and Hewitt (1976) contend that males reliably
outperform females on the SAT-M and that lack of mathematical ability evident
on this test (whose origin they do not discuss) is a direct cause of the
underrepresentation of females as college science majors. They argue that the
remedy is to increase the mathematical ability of college women, although they
offer no guidelines on how to accomplish this. Other analysts disagree. In a
meta-analysis of 100 studies, Hyde, Fennema and Lamon (1990) found that
there were few differences in computation, understanding of concepts, or in
solutions of complex problems. An examination of age trends suggests slight
female superiority in computation in elementary school and middle school
which is reversed in favor of men in high school and college. These age effects
are less pronounced in recent than in older studies, however. Studies
published before 1973 showed greater age effects (d=.31) than those published
later (d=.14).

A meta-analysis of possible cognitive differences between males and
females comes to a similar conclusion -- that there are only smail and declining
gender differences on measures of mathematics reasoning and skills, and that
differences that favor one gender tend to be offset by differences that favor the
other (Linn and Hyde, 1989; Hyde, Fennema and Lamon, 1990). For example,
Maier and Casselman (1971) find that males tend to outperform females on
quantitative types of problems such as those found on the SAT-M ("making
essential distinctions”), while females outperform males on problems requiring
abstract reasoning ("idea-getting").

Studies of performance in college courses also show coniradictory
evidence. Boli, Allen and Payne (1985) report that men in college courses in
introductory chemistry and mathematics perform better than women, and that
this differance largely reflects women's weaker background in mathematics. On
the other hand, DeBoer (1984b) reports that women perform better in college
mathematics and science courses even when measures of preparation are
taken into account.
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In summary, the literature continues to show mixed results, although
there is growing agreement that gender differences in specific skills and in test
performance are declining. Many analysts also agree that the stronger
preparation of males in high school primarily accounts for what gender
differences still exist at the college level.

Self-Concept: The self-concept is a global construct composed of
various affective elements. Two of the affective components that often appear in
the literature on how women approach mathematics and science are self-
confidence and sex-role congruency.

i) Confidence: The impact of confidence on mathematics achievement at
the elementary and high school level has been studied extensively. Fennema
and Sherman (1977, 1978&; Sherman and Fennema, 1977) conclude that
gender differences in achievement and confidence are usually found together,
in favor of males. Of all the affective variables they studied, self-confidence was
the most strongly correlated with mathematics achievement (r=.40). In addition,
gender differences in confidence were found even when there were no
differences in achievement. Females report lower seif-confidence even when
they perform as well as maies. Furthermore, in a longitudinal study of grade
school students, confidence in the sixth grade was predictive of mathematics
achievement for females six years later (Meyer and Koehier, 1990).

Confidence has also been studied at the college level (Lenney, 1978,
1977, 1981, Lenney, Browning and Mitchell, 1980; Lenney and Gold, 1982,
Lenney, Gold and Browning, 1983). In general, this research argues that self-
confidence is highly contextualized and specific rather than global in nature.
Signorella (1984) notes that women are not always lower in self-confidence
than men, that self-confidence varies by situation. It depends on the nature of
the specific task (a specific ability area denoting its sex linkage like mathematics
or physics). It also depends on the presence and clarity of performance
feedback. When women get clear information about their abilities, they are as
self-confident as men. It further depends on whether or not social comparison
takes place. Women have lower self-confidence if they know they are to be
compared with others or evaluated by them.

A study that shows the importance of situational factors was carried out
by Lenney (198I). She varied ability area and social cues. Three types of tasks
were used to vary ability area: a "male" ability task (spatial-mechanical
visualization); two "female” ability tasks (verbal skills and interpersonal
perceptiveness); and a "neutral” ability (creative skills). To vary social cues,
subjects were asked to make estimates of their own performance and that of the
"average undergraduate” (gender unspecified), "the average male
undergraduate”, or the "average femaie undergraduate”. Even though their
actual performance scores did not differ from those of the men, women
expressed significantly lower levels of self-confidence on the spatial
visualization and creativity tests. They also compared themselves significantly
less favorably than men when estimating their performance and that "of the
average male undergraduate” on the spatial-mechanical test. Lenney
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concludes that women's self-confidence is unduly affected by situational
comparison cues.

Lenney, Gold, and Browning (1983) have also tested the social
comparison hypothesis by varying the presumed level of ability of a same-sex
partner. In this study, the subjects were led to believe that they would be
working with a partner who was either highly competent or of average
competence. This manipulation had powerful effects on gender diiferences.
Gender differences appeared only when subjects anticipated working with
partners who were highly competent. Women chose a less difficult task than
men, performed less well than men, and stated lower self-evaluations than men
when they thought they would be paired with a highly competent partner.
Lenney suggests that women have an unstable and vulnerable appraisal of self

. rather than a generalized low level of self-confidence.

Using a twist on the concept of self-confidence, Betz and Hackett (1983)
pursue Bandura's theory of self-efficacy by investigating if mathematics self-
efficacy affects choice of a science career among college undergraduates.
Self-efficacy was a strong indicator of persistence along a scientific path.
Mathematics self-efficacy is shaped by successful parformance in mathematics
tasks and then affects the student’s choices.

Another perspective on self-confidence was examined in a five-year
longitudinal study of high school valedictorians and salutatorians (Arnold,
1987). Upon entering college, equal proportions (20%) of males and females
among these top performing students considered themselves to be far above
average in intelligence. By their sophomore year, however, only 4% of the
women, compared to 22% of the men, still thought of themselves that way. This
drop in the women's self-confidence took place even though they had achieved
as high grades as the men in the first year at college.

Not only are women vulnerable to social comparison and evaluation,
they are also more sensitive than men to suppottive features of the academic
environment {Stansbury, 1986). Looking specifically at graduate students in
engineering and science, self-confidence and assertiveness were related to
several situation variables for women but not for men. Perceived stress in
graduate school was the strongest predictor of women's assertiveness and
confidence. Quality ¢i the relationship with an advisor was also a significant
predictor of both qualities for women (and for self-confidence of men). The
author suggests that improving quality of relations between students and
advisors, specifically the frequency of meeting and the ease of communication
in this relationship, would go a long way in raising graduate women's self-
confidence in themselves and in their commitments to their doctoral training.

In summary, this research shows that confidence is clearly an important
influence in mathematics and science achievement for females. It influences
achievement behavior at both early and later stages of development. Women
are more attuned to the implications of the environment and can only match the
confidence of their male peers when the environment does not emphasize
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social comparison, when women work at tasks the society does not define as
typically male, and when women receive incontrovertible feedhack that they are
performing well.

i) Sex-role congruengy: Studies of sex-role congruency show that
females tend to see mathematics as a "masculine" endeavor that is inconsistent
with a woman's role.

The research literature on the early years reveals that children as early
as third grade perceive mathematics as belonging in the male domain (Boswell,
1985). This continues in high school, although males are more likely than
females to heavily stereotype mathematics as "masculine"” (Fennema and
Sherman, 1977, 1978). This means that high school females will interact with
males who generally hold this gendered conception of mathematics. To pursue
mathematics, females thus have to counteract not only their own stereotypes but
also the even sironger stereotypes of their male peers.

These sex-role stereotypes go on affecting women in mathematics and
science long after high school. Women mathematicians who have recently
earned the Ph.D. soundly agree that society stereotypes women in their field
(Boswell, 1985). Eight-three percent of them, compared to 74% of female
English Ph.D.s and 65% of female psychology Ph.D.s, felt that women in their
field were stereotyped. It is important to note, however, that the women
mathematicians did not perceive themselves to be more "masculine” than the
women who earned Ph.D.s in these other fields. In fact, they scored the least
masculine on the Bem Sex Role Inventory (Boswell, 1985). There is some
contradictory evidence about self-conceptions of masculinity and femininity in
other studies, however. Other researchers, using different instruments and
different popuiations, have found that women who aspire to careers traditionally
held by men (including mathematics and science) perceive themselves as more
"masculine” (Baker, 1987; Hollinger, 1983) and sometimes as less "feminine"
(Hollinger, 1983) than women who intend to go into female-dominated careers.

Overall, the research on sex-role congruency shows that role evaluations
influence women in both entering and persisting in particular academic
subjects. Gender stereotypes put a value on a subject (and a career) that is not

easily dismissed because the stereotypes are so widely held in the social
environment.

Self-confidence and sex-role congruency, moreover, are intertwined in
their effects. A woman will not easily venture into a sex-role inappropriate
realm, and therefore must have unusually strong confidence in her abilities to
counter these societal definitions of appropriate roles for men and women. To
be effective, interventions simultaneously will have to build the confidence of
women for mathematics and science tasks and the conviction among their
peers, advisors, teachers, and parents that these tasks are appropriate and
important for women as well as men.




Affective Factors: The importance of affect in learning mathematics and
science is appreciated more now that cognitive psychology has focused more
attention on the role of affect in thinking processes. A group of scholars
influenced by Mandler's theory of emotion (Mandler, 1984) are taking up a
number of issues in the relationship between cognition (thinking) and affect (a
range of concepts including beliefs, attitudes/preferences and emotions).

Affective concepts provide a useful framework for delineating research
on whether and how men’s and women's personal dispositions influence their
choices and achievements in mathematics and science. A common (though not
universal) point of view about the differentiation of these concepts may be
helpful

i) Beliefs: Two sets of beliefs seem to influence the learning of
mathematics. The first concerns students’ beliefs about mathematics itself; the
second their beliefs about themselves and their relationship to mathematics
(already reviewed under the self-concept section above).

With respect to beliefs about mathematics, research shows that students
generally concur that mathematics is important, difficult, and based on rules
(McLeod, 1989a). Schoenfeld (1985) and Silver (1985) conclude that some of
these views of mathematics, by cutting down persistence and search for novel
solutions, may weaken students’ abilities to solve non-routine problems. The
belief that mathematical problems can and should be solved quickly is
particularly dysfunctional since students who believe this to be true often fail to
stick with a problem and fail to look for new strategies when an immediate
solution does not appear. Similarly, the belief that mathematics requires
knowledge and application of rules often interferes with "doing” mathematics
well. In observing the mathematics problem solving of seventh graders, Lester
and his colleagues (1989) have found that this belief about rules prompts
students to try out previously learned operations rather than to understand the
problem.

Only a few studies of beliefs about mathematics have focused on gender.
These few generally use the Fennema-Sherman (1976) belief scales to
measure whether male and female students hold different beliefs abont
mathematics. Usually the studies show that men more than women believe that
mathematics is a useful field, and both groups agree that mathematics is a male
domain. McLeod concludes that these kinds of beliefs "are important both for
gender-related differences in mathematics achievement and for the related
differences between females and males in affective responses to mathematics.”
(McLeod, 1988a, 247) Dorothy Buerk, a teacher of college-level mathematics,
offers anecdotal evidence supporting McLeod's conclusion. She argues that
math-avoidant women students too frequently believe that mathematics is
absolute and a collection of right answers with correct methods and exact
symbols -- beliefs that inhibit mathematical reasoning and learning.




i) Aftitudes and Preferences: The attitudes and preferences of students
regarding mathematics and science have been widely studied, although gender

has not been consistently or carefully addressed in most of these studies.
Steinkamp and Maehr (1984), who carried out a comprehensive review of the
literature containing comparisons of boys and girls on various measures of
motivation in science, conclude: that there is an appalling lack of research that
responsibly addresses gender differences; that with few exceptions,
researchers do not treat the gender issue in a straightforward manner; and that
many studies fail to report even minimal information for the calculation of effect
size. But despite statistical and conceptual weaknesses in much of this
research, these authors draw three conclusions from the past research: first,
that gender differences in attitudes and preferences are smaller than is
generally assumed; second, that differences are larger for actual achievement
than for these motivational factors; and third, that when attitude/preference
differences do occur, with few exceptions, they tend to favor males.

Other researchers concur that gender differences in attitudes and
preferences are small, and certainly smailer than would be expected from the
diffarent proportions of men and women who pursue mathematics and science
careers. In one of the best known and largest studies of postwar engineering
and science graduates of a large midwestern university, Perrucci (1970) found
that men, women "careerists” and women "non-careerists” differed in their work
profiles (work place, principal function of their positions, supervisory and
technical responsibility) but pgt in their work values.

A study of juniors and seniors in eight four-year colleges and universities
located in the south-Atlantic region (Thomas, 1986) also found few differences
in the attitudes and preferences of males and females at the time they were in
high school. Males and females did not differ on scales measuring how much
they liked mathematics and science, and the determinants of their attitudes
were remarkably similar. The most important factors for both groups were
having had science hobbies as children, having received encouragement by
important people in their lives, having achieved good grades in high school,
and having participated in high school mathematics clubs. Simpson and Oliver
(1990) take the study of attitudes and preferences back to the junior high school
level. They administered questionnaires to 4500 sixth through ninth graders in
a central North Carolina school district. "Gender differences were studied
throughout this investigation but were not found to he as significant as
expected.... While there were minor differences, results from this study suggest
that male and female adolescent students feel and behave toward science in
much the same way."

Some studies have focused on different sub- -groups of female students.
One, carried out by Julia Sherman (1982, 1983) using the Fennema-Sherman
Mathematics Attitudes Scales and intensive interviews, goes into the
experiences and attitudes of high school girls who had taken four, three, and
two or fewer years of high school mathematics. The/young women who had
taken advanced high school mathematics were more frequently than other
young women able to recall a pleasant first experience with mathematics. They




were also more ambivalent about being smart. More of them felt uneasy with
boys because of their smartness, and they were more likely to say that they
"play dumb" than the female students who stopped with just three years of
mathematics. It is Sherman's opinion that it is not anxiety, dysfunctional
attitudes, or lack of ability that keeps women from mathematics. Instead, she
believes that it is a network of sex-role influences that makes mathematics, and
the careers associated with mathematics, appear incongruent with the female
role. '

i) Emotion: The new research on the role of emotion in problem
solving, and specifically in learning mathematics, has seldom focused on
gender. McLeod (1989b) lays out an agenda for research, much of which he
and his colleagues are carrying out with college students. The research uses
verbal reports of emotion as well as methods of assessing body movement,
facial expression, changes in posture, and other indicators of emotion.
Students are asked to solve various kinds of problems while these researchers
attempt to study the magnitude and direction of emotion, its duration, and the
student's level of awareness and control of emotion. The goal of this work is to
clarify how these factors promote and inhibit effective problem solving in non-
routine problems and to see how they interact with different types of cognitive
processes, instructional environments, and beliefs that students hoid. Although
gender is not yet a major theme in this work, or that of Buxton (198l), Marshall
(1989), or Lester and his colleagues (1989), McLeod (1989b) suggests that
current research on emotion in problem solving has "particular relevance for

women and minorities, groups that have been underrepresented in
mathematical careers.”

In summary, the research assessing affective factors finds some
evidence that men and women hold different beliefs about mathematics but that
women students are not as negative in their attitudes about mathematics and
science as would be expected from their lower enroliments in higher-level
courses and in majors that require mathematics. Certainly, this research does
not support the view that women turn away from mathematics and science
because of negative attitudes and distaste for these fields. Their views that
mathematics and science conflict with their concepts of their gender roles
appears far more influential than gender differences in the affective domain.
The new research on emotion may find greater evidence of gender-specific
emotional inhibitors in problem solving, but if past research on affective factors
is a guide, that seems unlikely. Instead, this new research will probably show
that negative emotions constrain the problem solving of women and men in
much the same way.

ity: The classic work of Roe (1961) on the personality profile of
creative scientists set the stage for many subsequent personality studies of men
and women scientists. Roe stressed that creative scientists are independent,
tolerate ambiguity but put an end to it in their own way, take risks, and are more
involved with things and ideas than with people. Studies done in the 1970s
support Roe's emphasis on independence. Helson (197l) found, for example,
that independence (as measured by the California Personality Inventory)
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differentiated women mathematicians who were judged by their peers as
especially creative from those judged as less creative. The creative women
mathematicians also scored higher on measures of introversion and intellectual
flexibility. Handley and Hickson (1978) also used personality measures to
distinguish among female mathematicians, although in this study the women
were at a much earlier stage in their careers. These researchers studied 128
college seniors who had earned at least a strong minor in mathematics from a
southern university. The students were divided into two groups: those who
planned to go into teaching and those who had non-teaching careers in mind.
The non-teachers were more independent and creative as measured by the
Cattell Sixteen Factor Questionnaire.

A more recent study supports the role of certain personality traits in
accounting for success among women interested in science (DeBoer, 1985). In
this study 118 college students whe had taken at least one science course in
their first year at a liberal arts college were administered the -Omnibus
Personality Inventory and the Personal Values Inventory. Women were 45
percent of this group of students. Overall, the men and women did pot differ on
the personality measures, but three of the six measures did correlate with
women's judgments of success in science. Women who felt that they had been
the most successful were shown by these personality measures to be the most
hardworking and persistent, the most likely to be oriented to the future, and least
likely to be reckless in the sense of taking physical risks and of seeking thrills.
None of the personality measures correlated with the men's judgments of their
success in their first science course(s).

These studies suggest that while personality does not distinguish men
from women who take science courses and go into science and mathematics
careers, there is a personality factor that influences women who feel themselves
to be the most successful, pursue non-teaching careers using their mathemahcs
training, and are judged by others to be the most creative.

Causal Atftributions: Currently much more research is devoted to the
impact on mathematics and science achievement of causal attributions than of
personality traits. The greater attention given to cognitive issues reflects the
preoccupation of psychologists with cognition in the past fifteen years. It is not
surprising that studies of individual predictors of success in science and
mathematics would also emphasize cognitive issues.

A series of studies conducted in the early to mid-1970s developed a
picture of distinctive male and female patterns of causal attributions. It was
found that women tend to attribute their successes to external factors (such as
luck or task difficulty) and their failures to internal factors (such as lack of ability
or effort), while men tend to show the opposite pattern (Frieze, Whitley, Hanusa,
and McHugh, 1982; Simon and Feather, 1973; Nicholls, 1975). There is also
some evidence that women attribute their successes to unstable factors and
their failures to stable ones (Frieze, Fisher, Hanusa, McHugh and Valle, 1976).
It is important to note, however, that these gender differences in attributional
style are small though statistically reliable.
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A recent smali-scaled study of college students who dropped their
original intentions of majoring in chemistry or mathematics (McDade, 1988)
supports a gendered pattern of causal attributions for success and failure.
While women were only slightly more likely than men to drop their science
aspirations, the reasons for switching to other fields were quite different for men
and women. The women described the attrition process in personalized and
self-blaming ways. They specifically emphasized their own shortcomings and
feelings of incompetence and disappointment with themselves. The men who
left these majors described the attrition process as an externalized experience.
They talked of wanting to pursue better opportunities for developing their
interests and improving their intellectual and material well-being; and they
wished to match their work goals more closely with their overall life goals.

A cross-cultural study of attributions involving men and women in five
nations (India, Japan, South Africa, the United States, and Yugoslavia) confirms
some aspects of this now well-known gender-linked pattern. Women attributed
their failures significantly more than men to internal factors in all five nations, but
the authors (Chandler et al, 1983) point out that these gender differences are
very small and, particularly in India, there are many more similarities than
differences between men and women. -

in summary, this research shows that while there are some reliable
gender differences in causal attributions, these differences are not large--
certainly not large enough to account for the behavioral differences in choice,
retention, and the greater achievement of men than women in mathematics and
science.

Environmental Factors

Many studies of environmental factors have focused on classroom
dynamics and, in particular, on possible differences in the interactions between
teachers and male and female students; differences in the responses of male
and female students to teaching style, competition between students, and to
classroom climate; and differences in the social support given to male and
female students. Very often these studies have depended on the self-reports of
students rather than on observational methods that would document verbal and
nonverbal behaviors within the classroom. Our review of this research will
highlight the factors that, on the basis of student reports, seem promising
enough to warrant other observational studies.

Teacher-Student Interactions: There has been rzonsiderable discussion
in the field of education concerning the interactions between students and their
instructors. Much of it has suggested that women students tend to have fewer
interactions with teachers, and that these interactions tend to be less
encouraging than those between teachers and their male students.
Additionally, it has been suggested that women students are shortchanged in
terms of being acknowledged by teachers; that is, they are not calied upon as
frequently as the male students; their responses are not as frequently expanded
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or elaborated on by teachers; and fewer questions are asked of them by
instructors. Teachier bias against female students in favor of male students is
believed to extend beyond the classroom as well. Women students are
believed to have fewer interactions, both of an academic and an informal
nature, with teachers outside of the classroom. At the college level, this lack of
contact outside the classroom is believed to have negative consequences for
women students by excluding them from receiving important information related
to department, academic culture and research possibilities.

In spite of the various speculations about the potential impact of teacher-
student interactions, relatively little careful research has been done on gender
dynamics in college classrooms or on the nature of these interactions outside of
the classroom. Even fewer studies have been done specifically of physical
science and mathematics classes.

More research has been conducted in high schools. Using observational
techniques to assess the climate of the classroom, Becker (1981) expiored the
differential treatment of males and females in high school mathematics classes.
The results support the prevalent idea that women are being shortchanged in
the classroom. In a set of 10 high school geometry classes, she found that
teachers responded more to, asked more questions of, and initiated more
nonacademic contact with male than female students. In fact, the male students
received 70 percent of the contacts interpreted as encouraging academic
abilities. (Since seven of the ten teachers were women, these results did not
occur because of a male bias against female students.)

A study of college students carried out by Hearn and Olzak (1981) does
not find evidence of differential treatment, however. This study did not analyze
teacher-student interaction specifically in mathematics and the sciences, nor did
it go beyond the self-reports of students. Questionnaires were administered to
346 seniors at a large university. The males and females did not report much
difference in tha interactions that they had with teachers during their college
years.

Gender dynamics in classrooms may be affected by very subtle factors
that would not be captured in questionnaire studies. Something seemingly as
simple as the instructor not knowing as many of the names of the females as the
males can affect the overall classroom climate. There is some evidence that
students at least believe that instructors more often learn the names of male
than female students. In their study of 941 graduate and undergraduate
students at a midwestern university sampled from 102 intact classes that had
been allocated proportionately according to department (natural science,
humanities, social sciences, business, and education), Schnellman and
Gibbons (1984) found that more males than females believed that the
instructors knew them. More men than women students said that they talked
with their instructors outside of class, went to see the instructor for help when
needed, and felt comfortable going to the instructor's office outside of the
officially listed office hours. Schnellman and Gibbons connect these
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phenomena by suggesting that students are more likely to seek out professors
and participate in class when they feel that the professor knows their names.

Studies of women majoring in different fields further suggest that women
in science have more negative classroom experiences than women in other
fields. In a study of women students who were qualified to do science based on
their quantitative SAT scores, 36 percent of the women in science, but only 14
percent of those in other fields, recalled having had a personal discriminatory
experience in their classes at the University of Michigan (Manis, Thomas, Sloat,
and Davis, 1989). Examples included students feeling that the professor put
women down, patronized women, or ignored them; that the professor did not
take women seriously, did not respect their ability, or in some way conveyed
that women were less able than the men intellectually. Manis et al. (1989)
suggest, however, that the effects of these experiences on women vary a good
deal. Some women feel challenged by such biased attitudes and seek to
"prove" that they are competent. Other women report that the negative attitudes
of their instructors dampen their self-confidence and make them question
whether they should remain in the sciences and mathematics.

Teaching Stvle: The manner in which the physical sciences,
mathematics, an¢’ @ngineering are taught may contribute in part to the chilliness

that many wome.i (and some men) feel in the classroom. Keith (1988) argues
that the mode of delivery in mathematics classrooms is a negative factor for
many students, and perhaps more for women than for men. She describes the
typical teaching style as an "advocacy mode"--one in which the teacher conveys
the important information and does not foster interaction among students. On
the contrary, she argues, an atmosphere is created in which students compete
against each other. Keith believes that more students would continue in
mathematics if teachers would utilize a "response mode" of teaching--one that
allows students to ask questions, interact with each other, and engage in
problem solving together. She suggests these changes within the context of
changing the curriculum in college departments.

Criticisms of the teaching style in science and mathematics courses
figured heavily in the decision not to continue in these fields by a group of
women college students at the University of Michigan (Manis, Thomas, Sloat,
and Davis, 1989). Questionnaires were given to students who expressed an
interest in science when they first came to college and later dropped out. These
students cited the following factors: poorly taught courses; communication
difficulties between many TAs and students; insufficient personal interest in
students on the part of professors; and badly organized courses.

In Tobias' (1990) unique "second tier" project, a small sample of
postgraduates who had demonstrated ability in other fields while avoiding
science in college were recruited to "seriously audit" an introductory
undergraduate course in physics or chemistry. The goal of the project was for
the auditors to study and help clarify the process and problems believed to be
linked to the learning of science. Although the auditors felt that the science
courses elected were taught adequately enough, they also felt that the courses
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were not taught in such a way as to "woo" them to seriously consider science as
a field of study.

The teaching of mathematics and science does not have to discourage
students. Some teachers do an excellent job of motivating and holding the
interest of their students, and, in particular, of encouraging females to continue
taking science courses and pursuing science careers. In a 1983 nationwide
project studying teachers who were successful in promoting these goals for
precollege-age girls, Kahle (1985b) identified several positive teaching
behaviors and institutional strategies: use of nonsexist language (particularly
when giving examples in lectures or in demonstrations); including information
on women scientists; and avoiding gender-stereotyped views of science and
scientists. ,

Competitive and Cooperative Learning Environments: The degree of
competition within the classroom has been cited by numerous women students
as negatively affecting the climate in mathematics and science classrooms.
Competition may be derived from many different classroom procedures:
grading practices, oral quizzes, team competitions, daily or weekly prizes,
"ability" grouping, and so on. Studies often fail, however, to specify exactly what
students mean when they criticize the "competitive atmosphere”.

Peterson and Fennema (1985) demonstrated in a study of 36 fourth
grade mathematics classes that the nature of mathematics activities had
differential effects on the achievement of boys and girls. For girls, a
mathematical activity that was competitive in nature was negatively related to
achievement. They performed better whe. the activity required students to
cooperate with each other. The reverse was true for boys. They performed
better in competitive activities. Unfortunately for girls, most mathematics and
science classrooms use many competitive tasks.

The special auditors in the Tobias project (1990) found their science
courses to have a heightened sense of competition as well as a lack of
community among the students. These factors contributed to feelings of wanting
to abandon science for the second time around.

The issue of compstition continues at the college level. In recalling their
first-year experiences, women students at the University of Michigan were more
likely than men students (24% v 11%) to say that they disliked the competitive
atmosphere in classes, and male and female students agreed that competition
is a serious problem in science classes. Forty-five percent agreed with the
complaint that students in science classes are {gQ aggressive and competitive
(Manis, Thomas, Sloat, and Davis, 1989). In rating factors that might discourage
women from pursuing careers in science, 35% of the women (both science and
non-science majors) believed the aggressive and competitive attitudes o
students in science classes to be a serious problem. Roughly only a fifth of the
men felt so. More than a third of the women students in other fields (and close to
a third of women science majors) indicated that competition was a serious




problem for them, whereas only 19% of men in other fields and 18 % of men in
science fields feit that competition was a serious problem for them.

Chilly Climate: The concept of a chilly climate for women students has
become one of the most frequently heard buzzwords on campuses.
Unfortunately, the definition of what constitutes a chilly climate varies widely
among researchers and administrators. One definition of climate makes it so
broad as to include the entire social psychological context within which
teachers and students interact and form relationships (Rosenfeld and Jarrad,
1985). The elements of the climute are so subtle that it becomes a challenge to
researchers to assess them. To date, most surveys have had to rely largely on
the subjective interpretation of ihe students.

Massachusstts Institute of Technology female graduate students and
research staff provide such comments about the research environment in the
computer science department. They talk about feeling neglected and invisible
(Barriers to Equality in Academia, 1983). Women students at the Universities of
Connecticut and Michigan express similar feelings about their treatment in
college classrooms (Mellow and Goldsmith, 1988; Manis et al., 1989). And
Clark (1990) reports that women students at Princeton University describe
feeling marginalized and isolated. They are more likely than men to feel that
they do not fit comfortably within the campus climate and that they are not as
accepted and supported at the university.

Part of what makes it difficult to assess what this chilly climate comes
from or means to the students is that the behaviors women menticn seem
subtle, frequent, and yet ordinary. Schnellman and Gibbons (1984) call them
"microinequities” -- the small and subtle discriminatory and/or derogatory
tehaviors exhibited by faculty and others in the institution that undermine an
individual's sense of confidence. The critical question is whether or not women
are subjected to these subtle behaviors more than men. Hall and Sandler
(1984) argue that they are, and that inequitable attitudes and behaviors
contribute to a particularly chilly campus environment for women. The
anecdotal evidence that has been gathered in interview and focus group
studies of women support this assertion, although our review of the literature
does not reveal careful, systematic studies that demonstrate through
observations what this chilly climate actually is and what behaviors project it to
women students.

To summarize, it appears clear that women students often have a
subjectively different experience within the classroom, resulting in a heightened
sense of discomfort, negligence, and/or discrimination. However, relatively little
is known of the short-term as well as long-term impact of the experience of
these "microinequities” on young women's achievement, career goals,
decision-making, and choice of field of study.

Social Support: Another feature of the environment that may affect men
and women students differently is extensiveness of social support for studying
science and math. Counseling and advising are obvious aspects of social
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support. It is assumed that the counselor is a key in encouraging or
discouraging young women in the decision to entar and stay in science, math,
and engineering. Eccles and Hoffman (1984) note, however, that most studies
show that school counselors play a very small role in influencing the career
decisions of students (see also Armstrong and Price, 1982). Of course, the fact
that counselors are not cited as influential by students currently does not mean
that they could not be important if school systems wanted to encourage more
female students to consider mathematics and science. The roles that school
counselors play can be distinguished from the counseling role that teachers can
and do play in the career decision-making process for women.

The literature we have reviewed does support the importance of teachers
who can and do play a powerful role in shaping the aspirations of students
(Casserly, 1983; Erickson, 1987). Previous research is not so clear, however, in
detailing exactly how teachers influence students or in delineating how nig their
influence is relative to that of other people, such as parents and other adults.
Nor is the research that has been carried out to determine how teachers affect
the specific decision to major in math, engineering, or science compietely
consistent. In a study of 113 college women in two separate colleges in the
northeastern United States (Fitzgerald and Silverman, 1988), science majors
were more likely than other majors to report a strong positive influence on their
choice of major from their high school teachers. These findings suggest that for
women contemplating a science or engineering field in college, early and
positive influence from teachers in secondary schools is important.

Another study (Hackett, Esposito, and O'Halloran, 1989) of 180
graduating senior women at a small western women's liberal arts college
shows that the teacher's influence is related to a number of career outcomes.
Women students who say that a female teacher was influential in their college
years were more likely than other women students to go into science-related
fields. In contrast, women who mentioned a male teacher as being influential
were less likely to pursue a science-related major. The positive impact of a
female teacher taking an interest in women students is also reported by Stake
and Noonan (1985). These authors found an appreciable improvement in the
confidence and motivation of women students who mentioned a female teacher
as their most important model in the college environment. This finding was also
replicated in an earlier study conducted by one of these authors using a sample
of high school students (Stake and Granger, 1978).

The influence of like-sexed models is noted for both genders by Basow
and Howe (1980). Female college seniors were significantly more affected by
their female teachers than male teachers in career-decision making. Likewise,
male students felt that they were more influenced by male teachers.

The role of parents in the decisions women make for field of study and
career has generally been acknowledged as strong. Support from family
varies, however, as a function of the particular field and career path women
choose to follow. Fitzpatrick and Silverman (1989) found that parents' support
of daughters' career choices was stronger for nontraditional fields, such as




engineering, than for more traditional areas, such as the humanities and social
sciences.

There is evidence in the literature that the support offered by mothers
may differ from that offered by fathers. The most consistent finding is that
mothers seem to have greater importance than fatters in the choices daughters
make. One study, conducted by Hackett et al. (1989), suggests that the
influence of the two parents may be contradictory. In this study graduating
senior women felt that their mothers had exercised a positive influence on their
career-choices, while the influence of their fathers was negative. The authors
suggest that the fathers' negative influence may reflect their discouragement
and/or dislike of their daughter's acting "out of role” by choosing a nontraditional
or science-related college major.

The impact of same-sex and opposite-sex friends on the decision of
women to enter and remain in nontraditional areas has been underemphasized
in studies of women's choices. Friends carry significant weiaht in attracting
women into nontraditional areas of study as well as keeping them there. Fox et
al. (1980) found that females are more likely to make a nontraditional career
choice and to remain in a nontraditional job or. program if there are a
reasonable number of other females present as classmates and/or as
colleagues. Lunneborg and Lunneborg (1985) further demonstrate that peers
are a greater source of support and encouragement for nontraditional,
professional women than for women with more traditional aspirations.

A few studies have asked if the gender of the friend matters in the
choices that women make. Basow and Howe (1980) conclude that female
students are equally influenced by friends of both sexes, while male students
are more influenced by male friends. The influence of male and female friends
can be both positive and negative (Hackett et al., 1989).

These studies of social support demonstrate that women {and men) are
making choices within a web of important social influences. Parents, teachers,
and friends figure prominently in this web, while people who have been trained
as professionals in giving students academic and career counseling seem
much less important. The role of peers in particular needs to be understood
more fully. More research should be done to ciarify the way in which friends
shape the choices that women make to go into or avoid nontraditional fields
such as science and mathematics.

Internships: In recent years, considerable emphasis has been put on the
role that research internships may play in helping students form career
commitments. The assessment of the National Science Foundation's Research
Experiences for Undergraduates (REU) program (NSF, 1990), as well as other
smalier studies, suggest that research experience can be a key factor in
encouraging the more uncertain students as well as bolstering the more
confident students towards the fields of science and mathematics.
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Brown (1989) stresses the importance of "research apprenticeships” for
young women at Case Western Reserve University going into theoretical and
industrial physics. Although Brown does not present a formal evaluation of the
apprenticeship program, he does cite several benefits of participation. The
women apprentices earn money, improve communication skills, experience
working as a research scientist, receive credentials for future employment
and/or graduate school, and develop stronger confidence in their choices.
Brown ermphasizes the program's impact in building confidence, especially for
women who are uncertain about their capabilities and choices.

In a national sample of 5,162 college students, Pascarella and Staver
(1985) found that on-campus work in science had a direct effect on the science
career choices of both maies and females. The opportunity to engage in
research while in college had consistent, although not extremely large, effects
for both genders. Students were more likely to continue in science and
mathematics fields if they had the opportunity to work in science labs and other
research settings.

The most comprehensive evaluation of research experiences of
undergraduates was conducted by the National Science Foundation (1990).
The Foundation's report notes that two types of students should be considered
in reviewing the results of the assessment of research internships. The first type
can be characterized as deeply interested in a particular field and eager to do
research in it. The second type also has a definite interest in science and
mathematics but in general is less certain about pursuing graduate study and
working in a science or mathematics field. The two types of students come to
the research internship with different educational and career aspirations, as
well as with different expectations about going to graduate school and about
other issues related to their academic and career futures.

The impact of the Foundation's REU program was examined after three
years of implementation. The program was most effective in helping the more
uncertain students clarify and become more sure of going on to graduate school
in the sciences and mathematics and of choosing a particular field of
specialization. For the more highly committed students, research internships
had less dramatic impact and primarily bolstered the students' original plans.

Overall, the program appeared to influence students' expectations of
attaining advanced degrees. The percentage of students who anticipated
acquiring an advanced degree rose from 75 to 92 percent after participating in
the program. Eighty percent of the students indicated a heightened interest in
science and engineering as a result of their REU participation. Males were far
more likely to choose the fields of engineering, physics, and computer sciences,
while females were more likely to choose a biological or social science majors.
No marked gender differences emerged for the field of mathematics.

Gender differences were also found in the reasons students gave for
their decisions to participate in the REU program, although gender was a factor
primarily among the less certain students. In this group, women were more
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likely than men to say that an interest in science or engineering in general,
being a researcher, being in a particular research field, and wanting to pursue
graduate study in science or engineering were very important in their decision
to take part in the program. These women students approached the REU as an
opportunity to find out if science or engineering were fields that would interest
them. Men who were not very certain about their career choices gave
somewhat different reasons for participation. They were more likely to indicate
that "wanting to know" about science or engineering played a relatively minor
role in their decision to participate in the REU program. No gender differences
were found for the more committed students in their decision to participate--
being strongly attracted to the field of interest and wanting to do real work in that
field were rated as either "important" or "very important" in deciding to
participate.

Multiple Factors: Causal Models

Most of the research discussed previously has focused on single factors
such as self-concept or classroom dynamics. Usually, the two types of factors
have not been examined together to determine their relative, predictive value
on mathematics and science choices and achievement. The integrationist view
suggests that multiple factors must be considered since it is clear that gender
differences do not come merely from individual or from environmental factors.

A few studies that take both types of factors into account have been done.
Using path analytic techniques, these studies present a model of how these
various factors are related to one another and which factors can be considered
causally prior to others. Generally the goal is to delineate the relative
importance of individual and environmental factors in accounting for the choices
and achievements of males and females.

As most of the research on gender differences in mathematics and
science achievement has been carried out at the elementary and high school
levels, the models of multiple causation are more comprehensive at these
levels. The research done at the college level is still sparse, although it does
allow for some inferences to be drawn.

Lips and Temple (1990) looked at intent to major in computer science
among college students and found different significant predictors of enjoyment
of computer science courses for women than for men and therefore different
factors contributing to majoring in computer science. For males, mathematics
confidence was the strongest predictor, followed by interest and enjoyment of
computers, confidence with computers, and amount of computer experience.
For females, experience with computers was the most important predictor of
interest in computers. The authors suggest that men feel more comfortable in
male-dominated computer classes, while women need more computer
experience so as not to feel isolated and uncomfortable in these classes.

Ware, Steckler and Lesserman (1985), using a longitudinal dataset,
examined why undergraduates who enter college intending to major in science

51




abandon their plans before they are required to declare a major. Hoiding ability
scores constant, they found that responses differed for men and women. For
women at the end of their first year courses, maintaining an interest in science
and choosing it as a major was predicted by: family background (highly
educated parents); aptitude for mathematics (outstanding SAT-M); strong desire
for prestige, control, and social influence; and affiliation. For men, having high
grades in the first year science courses and being unusually certain about the
major before entering college were the most important predictors of continued
commitment to science. These authors did not test for the students' self-
confidence in mathematics and science, but relied on the concept of self-
confidence in interpreting their results. Since only women of extraordinary
mathematics ability continued to pursue a science major, while men of varying
abilities did so, they note that the "need to prove oneself through superior
performance may also be explained as a reaction to self-doubt." Their
recommendations to offset this reaction include a networking community, and
encouragement and reassurance from professors and counselors, which the
authors argue can "tip the balance of indecision for a hesitant student by
strengthening her confidence in her ability.”

Hackett (1985) also found that self-confidence was a critical issue,
although it was critical for both women and men. In a study of 117 college men
and women, mathematics self-efficacy (a form of self-confidence) and
mathematics anxiety were the most important predictors of choice of college
major.

Ethington (1987) also looked at intended majors but only among college
women. In this study of 314 women, special emphasis was placed on majors in
quantitative fields. Self-ratings of math/science ability (a2 measure of
confidence) were the most influential variables in a model that included years of
mathematics, years of science, number of advanced courses, extracurricular
activities, mathematics grades, science grades, and leadership seif-concept.

Sense of competence in science ability was found to be an important
explanatory factor for choice of career, and particularly for choice of a science
career among women studied by DeBoer (1984a). This study of 302 students
included both men and women. Women performed as well as or better than
men in their high school science courses but, once in college, women took
fewer science courses and no longer performed better than the men. Sense of
competence directly affected choice of a science major and a science career,
and was in turn affected by number of high school science courses, grades in
those courses, and gender. The author speculates that the devaluation of
women's performance both by men and by other women, even when the
performance of women is substantially the same as that of men, leads women to
form a derogatory opinion of their competence in science. DeBoer suggests
that as a means of encouragement, science educators give high school and
college women the recognition they deserve for their academic performance.

In the research on elementary and high school students, two complex
and refined models of muitiple causation stand out. One, the Fennema and
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Peterson Autonomous Learning Behavior model, is based on conclusions from
the research literature, but it has not yet been tested empirically. The second,
the Eccles Expectancy-Value model, has been empirically tested.

The Fennema and Peterson (1285) model hypothesizes that gender-
related differences in mathematics achievement are a direct result of
autonomous learning behaviors, such as working independently on high-level
tasks, persisting at such tasks, choosing to do these tasks, and achieving
success in them. These behaviors in turn are directly influenced by internal
motivational beliefs and by external, societal factors, such as family, media,
peers, and classroom dynamics. The authors submit that among internal
motivational beliefs, several interrelated factors seem important High among
them are confidence in one's ability, perceived usefulness of course material,
and attributional style. Gender-related differences exist in all three factors. The
authors argue, however, that the most important influence is the congruency
between sex-role identity and achievement in mathematics, and that sex-role
identity mediates between these motivational states and cognitive functioning.

Eccles (1983, 1987, 1989) uses elementary and high school research to
form a comprehensive model that is also now tested with data she and her
colleagues have collected. Her results show that there are two proximate or
direct causes of intention to take more math: the studant's self-concept of
mathematics ability (what she calls expectancy and is a form of self-confidence),
and the student's valuation of math. Eccles places the role of self-confidence in
perspective. Confidence is directly affected by the students' perceptions of their
socializers' perceptions of their mathematics abilities, by their parents’
aspirations for them, and by task difficulty. These variables in turn are directly
affected by yet other socialization variables.

Eccles stresses the fact that the student's valuation of mathematics is
actually somewhat more strongly related than confidence to intention to enroll in
math. Her model assigns the central role to valuation of tasks. She argues that
males and females have different but equally important goals and valuations of
tasks. Although science is valued in our society and more men than women
become scientists, this should not lead to the conclusion that women's goals
are deficient; they are merely different from those of men. Women's choices
must be legitimized as "valuable on their own terms rather than as a reflection
or distortion of male choices and male values." She suggests specific
interventions that stress "rational and comprehensive career counseling,
changing opportunity structures and classroom experiences across the lifetime,
providing societal supports for parenting and personal development rather than
motivational retraining, and macro-level reassessment of the differential payoff
afforded to male versus female occupations."”

53




E. Interventions

A variety of interventions have been employed on college campuses
aimed at recruiting and retaining women students in nontraditional fields of
study. In this section, several of these interventions will be outlined as well as a
discussion of several noted programs.

S . o/ Transit

Several single interventions or programs have aimed specifically to
either introduce women students to the physical sciences, mathematics, and
engineering as potential fields to pursue advanced study, or to assist women in
making the transition to the above mentioned fields. Part of the problem in
reviewing the various interventions has been that a considerable number of
these interventions are focused on recruiting more women into the field of
engineering. Additionally, the majority of such programs are designed and
executed for a specific target population, often young girls who are of middie or
high-school age, such as the Douglass Science institute for High School
women (Rutgers University), Summer Science program for 8th-grade girls
(University of Michigan) or the Talented Youth Mathematics program (University
of Minnesota). Relatively few summer programs have been designed for
college-age women in these areas of study.

An exception is a program at Southern lilinois University at Carbondale.
SIU sponsors a 10-day on-campus bridge program for incoming female
students. It is designed to ease the transition for these women students by
offering "highlights" of a calculus ciass as well as discussions focusing on how
to succeed in future math classes.

Curriculum Development

Various ideas and methods have been implemented in the curriculum of
the physical sciences, mathematics, and engineering with the intention of
easing the transition and/or creating a more conducive environment for women
to succeed in these fields. One widespread intervention has been to offer a
dual-degree option in liberai arts and a nontraditional field. A liberal arts and
engineering dual-degree option is available at several women's colleges.
These dual degrees encourage students to have a more broad-based
undergraduate education, which many believe to be especially important for
women students who are not completely sure about their interests in science.

The University of California (Berkeley) has offered other curriculum-
based interventions including tutorials, innovative courses, and math-based
workshops to encourage women students in nontraditional areas of study. Mills,
a traditional women's college, has implemented several interventions aimed at
creating a more relevant and interesting curriculum in the nontraditional areas
for women such as offering a precalculus course (to strengthen one's skills
before taking calculus) as well as interdisciplinary courses with an emphasis on
applications.’ "
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Public Relati

A more traditional means of reaching and encouraging young women for
the nontraditional fields of study has involved using some means of public
relations. Typically, this form of outreach has consisted of sending
recruitment/information materials to high school teachers, counselors, and/or
parents. Posters, brochures, and/or advertisements have been the more
common means of representing the various college or university programs
interested in recruitment. For the most par, this type of outreach has been
targeted towards young women still in middle and secondary school.

Several approaches have been taken to interest women students who
are not yet decided on a science major. For example, Pennsylvania State
University highlights their engineering program for women not only on the
bulletin board near the engineering library (presumably for women already in
the field) but also in college and university publications. Also an advertisement
about the program is placed in the campus newsletter during women's history
month.

Various career days and receptions are planned for women to introduce
them to engineering, mathematics, or a field in the physical sciences. Young
women who are pre-college as well as college age are invited to participate in
these orientations in hopes of recruiting them into the respective fields. At
Nashville State, for example, receptions are held for the educators of women in
engineering and engineering technology, as well as for the young women
themselves.

The value of having an individual (an advanced graduate student and/or
a faculty member) take a special interest in the nurturing of the intellectual and
professional potential of a student cannot be underestimated. Having a mentor
is believed to be even more critical for women students, who, due to their lack of
numbers, perceive themselves as minorities in the departments of physical
sciences, some fields of mathematics, and engineering. Throughout this report
we have seen the importance women students attribute to encouragement and
to being taken seriously by faculty.

Several universities and colleges have recognized the value of
mentoring and have incorporated various aspects within their overall programs
or as a single intervention. The University of Washington ("Big Sisters") and the
Rutgers-Douglass program ("Big Sister/Little Sister") have instituted similar
programs aimed at coupling the newer undergraduate female student with an
older, more experienced advanced undergraduate/graduate female student
with the intention of developing a mentoring relationship. Other universities
have developed mentoring programs for students with faculty members
(University of California-Berkeley) or by matching professionals with students
(the "Mentoring Program” at the University of Washington).

™
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In additicn to utilizing the talents and expertise of faculty or professionals
active in the field as mentors for young women, several universities have
focused on peers as mentors (Aiverno College, Wisconsin) or alumnae
(Wheaton College, Massachusetts).

Professional and Social §

Women (both students and professionals) in nontraditional fields often
feel ignorant, isolated, and/or rejected from the traditionally male-exclusive
social networks in these fields. These social networks are believed to be
important in that the exchange of information and resources among the
members can provide certain advantages or privileges.

Rutgers University/Douglass College has a unique and comprehensive
program aimed at not only attracting women into nontraditional fields but also
sustaining and nurturing them along the way. In addition to providing a special
residence hall for undergraduate women in these fields, Rutgers also supports
the women with peer study groups and peer tutoring. Living in an environment
with others who share similar interests can be both positively reinforcing as well
as an avenue to needed information (e.g. courses, requirements, study
strategies.)

Other interventions aimed at supporting women in nontraditional areas
include planning "social" gatherings or orientations at which women with similar
goals and interests can meet and see others like themselves. Several
universities have compiled directories of women in respective fields (University
of Washington), of local women in the physical sciences and mathematics
(University of Michigan Center for the Education of Women), or maintain current
files on campus/national organizations concerning women in these fields as a
source of support for emerging women professionais.

Evaluation

Intervention programs have not been accompanied by any long-term
studies of effect. Very few programs use random assignment so that effect
could be reliably assessed. And the intervention programs are not

comprehensive in their scope in addressing the problems of recruitment and
retention.
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IV. UNIVERSITY OF MICHIGAN STUDIES

A. Introduction

If the pool of U.S. mathematicians and physicists is to be enlarged,
research universities must play a central role. Yet few studies have examined
the experience of mathematics and physics undergraduate and graduate
students in major research universities. Moreover, little is known about factors
which have a particular effect on the experience of women students in these
fields.

In order to address this knowledge gap, three studies were conducted at
the University of Michigan under the auspices of the Sloan Project. Each of
these studies explored students' perceptions and the factors which contributed
to student persistence or attrition.

The first of the three studies surveyed students who were enrolled in first
semester Honors mathematics courses during the Fall Terms of 1987 or 1988.
Students enrolled in these classes represent some of the best prepared
incoming students and are a potential pool of mathematics science
concentrators. The study documents a high "dropout” rate in terms of continuing
mathematics enroliments. Gender differences revealed by the study appear to
be based on differences in perception, not in ability.

The second study used survey methods to examine the experiences of
students who graduated with majors in mathematics and physics in 1990.
While this study revealed few gender differences, the differences which did
emerge were consistent with those identified in the study of Honors
mathematics enrollees and in the larger body of research literature. Even
among those who completed mathematics and physics majors, women were
less likely to find encouragement in their departments, less likely to find
professors to take a special interest in them, and had slightly lower self
confidence than their male counterparts.

The third study involved two focus groups of women graduate students in
mathematics and physics. Several themes emerged from the qualitative
analysis of the focus group content that were again consistent with the literature
and the data from the two Michigan surveys. Among them, encouragement from
faculty and parents played a key roie in the women's undergraduate experience
and their decision to persist in their studies. Some of the themes that surfaced
may be gender-free and more specific to graduate students as a whole. In
retrospect, we regret that we were unable to have focus groups of the male
mathematics and physics students to learn their responses.
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B. First Year Honors Mathematics Students
Introduction

The Honors mathematics sequences at the University of Michigan are
designed for entering first year students with a particularly strong backgrounc
and stated interest in mathematics. Almost all of the Honors mathematics
students come from the General Honors Program (during the years represented
by our survey, 90% of the Honors mathematics students were also in the
General Honors Program), but the courses are open to ali qualified students..

The honors mathematics concentration program includes four basic
courses (linear algebra, modern algebra, analysis, geometry/topology), four
elective courses, and a cognate. Students intending an honors concentration in
mathematics also take a two-term honors calculus sequence in both the
freshman and sophomore years. The calculus courses involve substantially
more theoretical work than the standard calculus courses (where problem-
solving is emphasized over theoretical and conceptual understanding).

Nearly half of the students in our survey entered the University intending
to concentrate in the natural sciences (either the physical or life sciences), and
a similar parcentage were actually invoived in a science concentration at the
time of our survey. While the students who enroll in the Honors mathematics
courses are under no obligation to pursue an academic career in the natural
sciences or in mathematics, they represent some of the best prepared incoming
students at the University and certainly provide a pool of potential mathematics-
science concentrators. Because of their academic accomplishments and
talents, these students are a particularly important group for investigation: What
are the experiences and subsequent plans of these students, and most
importantly, do these experiences and plans differ along gender lines?

Tables 1 through 9 summarize the result of our analyses. While we
included no separate course grades or mathematics ability measures in our
data, general measures of academic achievement suggested a high degree of
comparability between the male and female students. There were no significant
differences between their incoming high school grades nor between their
college grades within their ultimate areas of concentration. The female students
possessed slightly higher overall grade point averages. Although we cannot
dismiss the possibility of grade differences in their mathematics courses, the
gender differences in experience and choice revealed in our study appear to be
based more on differences of perception rather than differences of
ability.

In general, we witnessed a very high rate of discontinuance among the
first year Honors mathematics students; only 15% of the students, male and
female alike, completed the honors sequence. The majority of the females
(58%) dropped out of an Honors mathematics sequence and elected no further
mathematics courses, while the majority of males (54%) dropped out of Honors
mathematics and elected non-Honors mathematics. Students offer various
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reasons for dropping out of the honors sequence with the majority citing the
material as unnecsssary for their studies.

Certain motivational differences for dropping out of Honors mathematics
were also apparent. While more than half of all students felt the material to be
unnecessary, the male students cited two additional external factors with
greater frequency: heavy course load and "outside factors." The female
students cited a lower level of interest in the subject matter.

The overall attrition rate may be parially explained by the ultimate
concentration decisions (less than half of all students went on to major in the
sciences). The aforementioned gender difference concerning the decision to
continue with non-Honors mathematics courses can be partially explained by
the differences in choice of a specific science field. Female science
concentrators were more likely to be in the life sciences (requiring less
mathematics), while the male science concentrators were more likely to be in
mathematics or the physical sciences.

Finally, female students tended to feel the benefits of cooperative
environments and the detriments of competitive environments more so than
their male peers.

Description of Sample

We obtained the list of all students who entolled in either of the two first
semester first year Honors mathematics courses during the fall of 1987 and
1988 (a total of 174 students), capturing two years worth of incoming
undergraduates. By the end of the formal survey period in the winter semester
1991, during which time we contacted respondents by phone, 148 out of the
original 174 students had completed our survey (85%). The remaining 26 were
excluded from further analysis as the respondents were unreachable (either
because the student had no available phone number, was out of the country for
the current semester, had transferred away from the University, or refused to
take part in the survey).

Table 1 includes a description of the final sample: 27% of the entering
Honors mathematics students were females (40 out of the 148). All subsequent
analyses were computed separately for males and females, significant
differences indicated by the resulting chi-square or t-test statistics.

Four-fifths of these students were white, and the remaining fifth was
predominantly Asian; nearly all were in their junior or senior year at the
University. Nearly 80% of all students, male and female, were enrolled in the
Mathematics 185 course, the intermediate level Honors course. "The remaining
20% were enrolled in Mathematics 195, the advanced Honors course.
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The First Year Honors Mathematics Experience

Even before classroom experiences begin, students may feel a
differential treatment in the selection process. Admission to the Honors
mathematics courses almost always includes discussion with one or more
Honors counselors. While students are free to choose their academic
schedules, counselors often encourage or discourage the election of certain
courses depending upon the background and expressed interests of the
student. Table 2 describes the memories of the students' discussions with the
counselors. Although there is no statistically significant finding, a moderate
trend is suggested. Very few students of either gender remember being

.discouraged from electing an Honors mathematics class (less than 10% in

either case), an indication of the influence of the academic counselors. Males
felt they were mostly encouraged (73%) and a majority of females were also
encouraged (58%), but other women remembered a more neutral experience
where neither encouragement nor discouragement was present (37%). Even in
the absence of any evidence supporting actual differences in the counseling
experience, there is nonetheless a suggestion of differences in perception.

Students were asked to rate the frequency of several activities in their
mathematics classes (on a scale from 1=often to 4=never). Table 3 summarizes
these responses with mean scores on each item. A mean score near 1
indicates a regularly occurring activity, while higher mean scores reflect less
frequent activities.

Of the thirteen activities, only two displayed significant gender
differer:ces: the frequency of tutoring, and the feeling that cne was unable to
solve a mathematics problem. Male students rarely tutored others (mean score
= 2.93), but female students were even less likely to do so (mean score = 3.33).
On average, female students expressed that they were sometimes unable to
solve a problem (mean score = 1.98), while male students were less likely to
claim they encountered such difficulties (mean score = 2.54). Although not
significant, borderline differences suggested that the females might have been
more likely to have given up on a problem.

Almost no students attended any special mathematics lectures or
participated in the mathematics club (all mean scores above 3.60), surprising
perhaps given that these are some of the most mathematically talented of the
entering students. Most students, on the other hand, were at least sometimes
involved in study groups, conquering difficult material, and feeling that hard
work paid off (all mean scores near 2.0 or below).

Despite the minimal gender differences so far, retention in the first year
Honors mathematics courses suggests other factors contributing to a differential
experience (see Table 4). Students gave many reasons for leaving one of the
Honors mathematics sequences (multiple, non-ranked responses were
allowed). Over half of the students who left Honors mathematics, male or
female, expressed their perception that the material was unnecessary for their
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program (55% of the males, 71% of the females, not a statistically significant
difference). Inadequate preparation and poor instruction were selected by
males and females at comparable rates (between a quarter and a third of the
respondents). However, males more often selected two reasons of an external
nature than females (heavy course load and outside factors), and females more
often selected one reason of an internal nature than males (uninterested in
material). :

Subsequent areas of academic study

The marked difference in the proportion of men versus women who
continued in mathematics after dropping the Honors sequence is greater than
might have been predicted on the basis of their mathematics experiences. A
better understanding of the possible underlying causal influences comes when
we consider the students' areas of academic interest. Table 5 summarizes the
areas of concentration, both the intended majors (as represented by their first
year plans) and their subsequently declared concentrations.

Fewer than half of the entering Honors mathematics students were
planning to concentrate in'a natural science field (49% of the males and 40% of
the females). When the mathematics and physical sciences (chemistry, physics,
statistics, engineering, etc.) are distinguished from the medical and life sciences
(biology, nursing, etc.), strong gender differences are apparent. Overali, 36% of
the males intended to pursue a concentration in mathematics or the physical
sciences, and 13% aspired toward a degree in medicine or the life sciences.
This is reversed for the females, only 13% of whom were intending to
concentrate in mathematics or the physical sciences, with 28% considering a
degree in medicine or the life sciences. The largest group for either gender was
composed of those -students with no intended major; 40% of the males and 35%
of the females had ne explicit intentions as first year students.

Nearly identical proportions of males and females actually declared a
natural science concentration (48%), about as many males as had originally
intended and slightly more females than had intended. Upon closer
examination of the relationship between intended and daclared concentration,
and not apparent from Table 5, is the amount of change between those time
points. The suggested stability of the percentage of males majoring in the
sciences masks the fact that 36% of the male students who originally intended
to major in the natural sciences did not do so, while 35% of the formerly
undecided males declared a natural science concentration. Similar changes
occurred for the females where 25% of the females who originally intended to
major in the natural sciences did not do so, and 29% of the formerly undecided
females ultimately declared a natural science concentration.

As before with intended majors, making the distinction between the
physical and life sciences is crucial for detecting the underlying gender
differences between actual choice of major: the males selected the physical
sciences over the life sciences (35% versus 12%) and the females selected the
life sciences over the physical sciences {(33% versus 15%). Because the life
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sciences (as well as the social sciences and humanities) usually require less
mathematics training than the physical sciences, this disparity may partially
explain some of the gender difference in retention. If fewer than two years of
mathematics is required for a concentration program (which is the case except
for the mathematics and physical science majors), a student might discontinue
Honors mathematics without needing to continue to take non-Honors
mathematics courses.

Tables 6 and 7 reflect the academic performance of the Honors
mathematics students during their later years at the University, including the
factors that they felt were important for success in their respective
concentrations. It is important to remember that these students now represent
very heierogeneous groups with respect to their area of concentration.

Men and women Honors mathematics students entered with comparable
high school grades (approximately a B+ average), and maintained similar
grades within their area of concentration. The women students had slightly
higher overall grade point averages than the men. Both groups equally felt that
their college grades refiected "fairly well” what they had learned.

The male and female respondents tended to agree more than disagree
about the factors important to a successful performance in their concentration
programs. This is, perhaps, all the more surprising, given the diversity of
concentration programs and the previously exhibited gender differences in
program choice. Both groups cited intrinsic interest, effort, natural ability, and
quality of instruction as ameng the most helpful factors; understudying, the
breakup of a relationship, and academic anxiety were among the most harmful
factors.

Women appeared to be more sensitive to environmental issues, rating a
cooperative atmosphere more helpful and a competitive atmosphere more
harmful than did the males. Women also tended to view differential reatment
by gender as more harmful, with the men, on average, finding this issue
irrelevant.

Gend | ethnic infl

When asked it gender in any way affects treatment of students in their
department of concentration, over twice as many women students responded
with "yes"--33% in comparison to only 16% of the men (see Table 8). When
asked if gender has affected the student personally, 26% of the women
responded "yes," but only 8% of the men. Of those students, male or female,
who claimed the existence of gender bias, the overwheiming majority felt that
the bias was against women.

Ethnic bias was claimed by fewer females than gender bias. Oniy 18% of
the females felt ethnicity to be an influential facter, almost half the number of
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females who felt that gender had an influence. A comparable number of males
cited ethnic bias or gender bias: 16% in both cases. The majority of all
students who claimed ethnic bias felt that the bias was against students of
ethnic and racial minorities.

Post-college plans

Table 9 indicates the immediate post-college plans of the Honors
mathematics students. Comparable proportions of men and women were
planning to enter graduate school in. non-mathematics/non-physics areas
(approximately 60%). Three times more men (18%) than women (5%) planned
to aftend graduate school in mathematics or physics, whereas women indicated
a greater likelihood that they would teach or work in a non-research/industry
setting.

Although failing to reach statistical significance, male/female differences
in students' post-college plans were in keeping with previous trends. Similar to
their current undergraduate concentrations, women more often had plans to
pursue medicine and the life sciences (42% of those females who are planning
on attending graduate school plan to do so in this area) while more often men
were headed in the direction of mathematics and the physical sciences (31% of
those males who are planning on graduate school plan to do so in this area).

Borderline significant differences are evident within intended career
choices, with the same patterns as before: more women going into medicine,
more men into mathematics and physics.

i i lusion

We began this investigation into the first year Honors mathematics
students with the assumption that the students' unique mathematical strengths
made them an excellent pool of prospective mathematics/science
concentrators. As such, their experiences, especially during the early formative
semesters, might help to explain some of the documented gender differences
that are so apparent by the end of the undergraduate and inte the graduate
years. Previous academic and social forces already restricted the number of
female students in our pool; fewer than 30% of the Honors mathematics
students were women despite the fact that over 40% of the incoming General
Honors students were female.

Almost no gender-based differences in students' self-described
classroom behaviors emerged within the Honors mathematics students, the
exceptions being the greater likelihood of women to admit to feeling unable to
solve a mathematics problem and their lesser likelihood to be tutoring others in
mathematics (see Table 3). However, the female students were much more
likely to discontinue Honors mathematics and enroll in no subsequent
mathematics courses, while the male students were equally likely to discontinue
Honors mathematics (a very high attrition rate for both men and women of 85%),
but were more likely to continue on with non-Honors courses. One factor that
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may account for some of the difference is the fact that women students were
more likely to pursue academic programs with fewer mathematics course
requirements.

Just under half of our pool of prospective mathematics/science
concentrators ultimately selected a mathematics/science concentration. This
proportion is similar to the proportion who initially intended to select such a
major, but this fact masks the shifting decisions of individuals. We saw a quarter
to a third of the students initially interested in the natural sciences leaving this
domain, with a comparable number of formerly undecided students electing a
science or mathematics concentration. Hence, these early experiences in
mathematics and science courses may screen out some individuals, but attract
others. These forces seem to work equally for males and females.

There was a sharp distinction between the specific areas of natural
science selected by men and women. The female science and mathematics
students were twice as likely to be pursuing degrees in biology, pre-medicine,
and the life sciences as degrees in the mathematics and physical sciences.
Conversely, the male science and mathematics students were twice as likely to
be pursuing degrees in the physical sciences as the life sciences. The cause of
this is not clear, but appears to pre-date the students’ entrance into the
University. These plans are not rigidly determined, however, as witnessed by
the shifts from intended to actual concentrations. Hence, university-level efforts
have the potential to affect concentration decisions.

in regard to classroom bias, female students were more sensitive to the
presence of gender and ethnic biases, or at least cited their existence at a
higher rate. They were also more sensitive to environmental influences, rating
a cooperative sefting more beneficial and a competitive setting more
detrimental than did their male peers.

In summarizing our findings two issues seem paramount: (1) the
purpose and intentions of the first year Honors mathematics courses, and (2)
the incisively drawn gender divisions in the areas of natural science study.

Even with such a high attrition rate (85%), it is not clear whether or not
the Honors mathematics courses are failing in some important manner. Without
a more explicit formulation of the goals of these courses, it is impossible to
determine a suitable reaction to the low completion rate. Students who choose
concentrations outside of mathematics and the physical sciences will not in
general need to complete a four semester calculus sequence (this is in keeping
with the large percentage of students who discontinued Honors mathematics
because the material was considered unnecessary). Whether or not more
active recruitment is desirable--either in an attempt to attract more students into
mathematics and the physical sciences, or simply to encourage completion of
an Honors sequence regardiess of concentration--is a consideration to be
discussed in conjunction with the program.




During the previous two years (after the time of our sample), a new two-
semester Honors mathematics sequence was created as an alternative to the
first two terms of the intermediate Honors mathematics courses. These courses
offer an alternative advanced curriculum (calculus and combinatorics) within an
alternative learning environment (emphasis on conjectures, discoveries, and
computer simulation). After completion of these two courses, students are
eligible to enter the original Honors mathematics sequence at the third
semester level. Early indications suggest a much higher retention rate in these
new courses than in the other Honors mathematics courses, and determining
the factors that may account for their holding power warrants further inquiry.

The origin of the gender differences in choice of natural science sub-
areas is clearly a concern at all educational levels, as these differences are
already strong before undergraduate education begins. However, there is little
evidence to suggest that the University experience works to diminish this
division. Whether or not the University experience reinforces the division is also
unclear. :
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Table 1

DESCRIPTION OF SAMPLE

(FIRST YEAR HONORS MATHEMATICS STUDENTS)

Male Eemale Chi-square
mber of nden 108 40
Ethnicity: *n.s.2
% White 80 78
% Black 2 5
% Hispanic 0 3
% Asian 17 15
% Other 1 3
Current Class level: 7.75 (p=.051)
% Sophomore 1 0
% Junior 45 69
% Senior 48 31
% Graduate or
out of schooi 6 0
Hor_wors_maihematics course
during first year:
% in Mathematics 185 79 80
% in Mathematics 195 21 20
anot significant (p>.10)
¢
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Table 2
INITIAL ENCOURAGEMENT INTO HONORS MATHEMATICS
(FIRST YEAR HONORS MATHEMATICS STUDENTS)

Male Female Chi-square
Encouraged to take Honors Mathematics?: 5.47 (p=.065)
% Encouraged 73 58
% Discouraged 9 5
% Neither 18 37
67




Table 3

STUDENT BEHAVIOR IN MATHEMATICS CLASSROOMSA

Male
Conquered something difficult 1.69
Felt hard work paid off 1.84
Study with others 2.07
Ask questions 2.07
Gave up on a problem 2.26
Talk with professor 2.29
Socialize with math students 2.38
Made mistake and later recouped 2.40
Felt unable to soive a math problem 2.52
Felt course was over your head 2.78
Tutored others in mathematics 2.93

Attend speciai mathematics lectures 3.61

Participated in mathematics club 3.77

b not significant (p>.10)
*0<.05, **p<.01, ***p<.001

68 -

(FIRST YEAR HONORS MATHEMATICS STUDENTS)

Female I-test
1.80 n.s.b
2.05 n.s.
2.00 n.s.
2.33 n.s.
1.95 1.94
2.48 n.s.
2.28 n.s.
2.54 n.s.
1.98 3.50***
2.60 n.s.
3.33 -2.32*
3.75 n.s.
3.70 n.s.

a all variables coded: 1=often, 2=sometimes, 3=rarely, 4=never




Table 4
RET IN HONORS MATHEMATI
(FIRST YEAR HONORS MATHEMATICS STUDENTS)

Male Eemale Chi-square
Student Status: 9.57** (p=.008)
% Dropped Honors mathematics, 31 58

and took no further mathematics

% Dropped Honors mathematics,
but continued in mathematics 54 28

% Completed Honors sequence 15 15

B ‘or Dropping H Matl ey

% Scheduling conflict 5 3 n.s.b

% Heavy course |load | 26 9 4.12* (p=.042)
% Poor instruction : 26 21 n.s

% Inadequate preparation 27 35 n.s.

% Not interested 32 56 5.77" (p=.016)
% Outside factors 35 15 4.31" (p=.038)
% Material unnecessary 55 71 n.s.

a multiple responses allowed

b not significant (p>.10)

*p<.05, **p<.01, ***p<.001
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Table 5

INTENDED MAJORS AND ACTUAL MAJORS
(FIRST YEAR HONORS MATHEMATICS STUDENTS)

Male Female Chi-square

intended majors, by area:

% Mathematics/physical sciences 36 13 16.78** (p=.005)
% Medicinel/life sciences 13 28

% Social Science 4 10

% Humanities 3 0

% Other 5 15

% Unknown 40 35

Current majors, by area: 15.74** (p=.008)
% Mathematics/physical sciences 35 15

% Medicinel/life sciences 12 33

% Social Science 26 13

% Humanities 9 13

% Other 17 28

% Unknown 1 .0

*p<.05, **p<.01, ***p<.001
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Table 6

GRADES?
(FIRST YEAR HONORS MATHEMATICS STUDENTS)

Self-Reported

from Survey; Male Eemale Ttest
High school GPA 3.58 3.36 0.99
Overali college GPA 3.38 3.53 -2.12*
GPA, in major 3.51 3.55 0.61
Grades are reflective of

what I've learned@ 2.12 2.16 -0.24
From Registrar's Office:

SAT verbalb 634 665 -1.79 /
SAT mathematicsb 728 708 1.93
ACT mathematicsb 32.2 30.6 1.26
Honors mathematicsC .

course grade 3.22 3.38 -1.14

4 variable coded: 1=very well, 2=fairly well, 3=not very well, 4=not at all well
b College Board scores available only for the Fall term 1988 students
€ includes student grades for the entire population, M"males=127, Nfemales=46

*p<.05, **p<.01, ***p<.001




Table 7
FAGTORS IMPORTANT TO PERFORMANCE
IN CONCENTRATION PROGRAMA -
(FIRST YEAR HONORS MATHEMATICS STUDENTS)

Male Female T-test
Intrinsic interestd 1.18 1.18 n.s.C
Effort 1.43 1.23 n.s
Natural ability 1.50 1.51 n.s.
Quality of instruction 1.58 1.45 n.s.
Studying with others 1.92 1.88 n.s.
Cooperative atmosphere 1.93 1.63 217"
Same-sex faculty member 1.93 2.05 n.s.
Same-sex friends in field 2.15 1.93 n.s.
Grading practices 2.67 2.55 n.s.
Outside employment 2.68 2.75 n.s.
Competitive atmosphere 2.88 3.33 -2.26*
Treated differently by gender 2.97 3.28 -4.36***
Overstudying 3.00 3.08 n.s.
Academic anxiety 3.49 3.44 n.s.
Breakup of a relationship 3.49 3.48 n.s.
Understudying 4.12 4.28 n.s.

a concentration program not necessarily mathematics or science
b all variables coded:

1=helps a lot, 2=helps some, 3=irrelevant, 4=hurts some, 5=hurts a lot
¢ not significant (p>.10)

*p<.05, **p<.01, ***p<.001
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Table 8

JEN ION PROGRAM3
(FIRST YEAR HONORS MATHEMATICS STUDENTS)
Male Eemale Chi-square
‘Gender affects treaiment
in your department? (% yes) 16 33 5.07* (p=.024)
If yes, how?: n.s.b
% Bias against women 67 93
% Bias for women 0 0
% Mixed 5 0
% Unclear 0 7
Qe.DdQL.aﬁQQlSJQum your department? (% yes) 8 26 7.63** (p=.006)
if yes, how?: n.s.
% Bias against women 67 83
% Bias for women 22 8
" % Unclear 11 8
% (% yes) 16 18 n.s.
If yes, how?: n.s.
% Bias against ethnic minority 29 29
% Bias for ethnic minority 0 14
% Bias against racial minority 35 14
% Bias for racial minority 18 14
% Unclear/other 18 29

aconcentration program not necessarily mathematics or science

bnot significant (p>.10)

*p<.05, **p<.01, ***p<.001
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Tablie 9

P - LEGE PLANS;

FIRSTY

Tl

(FIRST YEAR HONORS MATHEMATICS STUDENTS)

Male
r
(p=.037)
% Work (industry-research) 3
% Work (teach high school) 0
% Work (other) 18
% Graduate school (mathematics)11
% Graduate school! (physics) 7
% Graduate school (other) 56
% Don't know 6
If graduate school, whai area?:
(p=.073)
% Mathematics/physical sciences 31
% Medicine/life sciences 16
% Social sciences 11
% Humanities 9
% Other 21
% Unknown 13
Intended career:
Y% Mathematics/Physics 8
% Business/Law 20
% Medicine/Health 19
% Government/Industry 6
% Academia/Research 25
% Arts/Music/Literature 5
% Other 9

*p<.05, **p<.01, ***p<.001

Female

13
42

13

13
17

15
33

23
23

Chi-square
13.39"

10.07

12.44




C. Mathematics/Physics Majors Study
Introduction

The Honors Mathematics Study found little difference in the ability of the
men and women they studied, but there was a difference in the perceptions of
some of their experiences. These differences may have led to the larger
attrition of women from Honors mathematics courses. Are there gender
differences among the mathematics and physics majors? Not many. What few
there are, however, are consistent with the Honors Mathematics Study--little
difference in ability, but some differences in perception.

The differences in perception seem to revolve around issues of
encouragement by faculty, which is especially notable in light of the literature
review findings about women's iower levels of confidence. Women were less
likely to find encouragement in their respective departments than men were.
They found their professors less likely to take a special interest in them as
students, and their advisors less likely to encourage them to take challenging
courses. They also reported a slightly lower grace point average in their
mathematics courses and a slightly lower sense of confidence about their
mathematical skills overall than did the men.

Descrintion of Samol

We sent out survey questionnaires to all graduating seniors of the Class
of 1990 who had declared a mathematics or physics major. We followed this up
with telephone interviews of those who had not replied by the end of the
academic year. The final response rate was 86.2% (N=75). As the total sample
is quite small, much of what follows is necessarily descriptive.

Table 1 presents an outline of the final sample. There were twice as
many men as women who graduated in 1990 with mathematics and physics
majors--58 men and 29 women, 67% and 33%, respectively. Our sample is
clearly representative of the total class which included 65% males and 35%
females (Ns of 49 and 26, respectively).

The ethnic breakdown indicates that both the males and femaies were
predominantly white with only a few African-American, Hispanic and Asian
students. While there is no significant difference for major (mathematics versus
physics) by gender, there were somewhat more female than male mathematics
majors and very few female physics majors.

There were aiso gender differences in choice of subspecialty within
mathematics. The breakdown for mathematics subspecialty which we obtained
from their class records reveals that more females than males had chosen
teaching (25% vs. 7%) while most of the males were in pure and applied
mathematics (62% vs. 46%). AIlmost equal numbers were in actuarial
mathematics (about 30%).
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xperien

Students go through a variety of academic experiences during their four
years of college, some of them directly relevant to choosing a major and
persisting in their chosen field. We asked the graduating seniors to identify the
most infiuential courses they had taken at the University of Michigan--both
positively and negatively--and what effect they had had on their enthusiasm for
mayjoring in their field. The question was open-ended and their responses were
many and varied.

Table 2 iists the most often cited characteristics of those classes. The
most striking finding is that the wnmen cited the instruction of the class as the
most influential factor in contribdting to their knowledge and understanding,
regardless of whether they thought that class had made the greatest or the least
contribution. |f they liked a course, it was because it had an excellent instructor
and was well-taught (67%). If they disliked a course, it was because it was
poorly taught or the professor was difficult to understand (75%). They also gave
other responses but not as frequently.

Men's responses were not as focused, and the quality of instruction was
less influential for men. They would more often reply that the material was
interesting (43%) or the class added to their understanding (33%) or it was
challenging (33%) as the reasons for choosing a course as most positively
influential. Good teaching was relatively low on their list (29%). Poor teaching
was, however, the reason given most often for nominating a mathematics or
physics course for having made the least contribution to their studies (56%).
But it was closely followed by the response that the material was dry and
uninteresting (44%).

Why women should be more likely to focus on the teaching of classes is
at this point unclear. Butit is clear that gcod teaching plays an important role in
drawing women into mathematics classes. And it is noteworthy that poor
teaching is the largest indicator for both men and women for turning students off
and sometimes for their dropping out of mathematics and physics classes.

The Mathematics and Physics Honors Programs offer an incentive for
gocd students to take rigorous and challenging courses. Although there was a
decided difference in the expariences of men and women as to whether they
were informed of the honors classes and whether they ware encouraged to take
them, roughly equal numbers of men and women mathematics and physics
majors took honors courses during their years at the University, 14% vs. 12%
(see Table 3).

More men than women remember being informed of the honors classes
(53% vs. 38%). This may be because there were more men in the overall
Honors Program, all of whom were informed of the mathematics honors classes.
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Among those who were informed, 52% of the men said someone encouraged
them to take honors, but only 10% of the women said so. No woman felt she
was discouraged, but fully 90% of the women felt they were neither encouraged
nor discouraged to take honors classes in sharp contrast to 33% of the men.
This is a very similar result to that found among accelerated mathematics
students who chose to discontinu~ honors classes, as noted in the previous
study.

There were no significant gender differences in other areas of the
students' experiences. About half the students entered the University of
Michigan with the intention of majoring in something other than mathematics,
physics and engineering, but revised their plans and finished as mathematics,
physics or engineering majors (see Table 4).

Students generally decided on their major in their sophomore and junior
years (66%), although about a quarter of them considered changing their
majors at some point. For mathematics and physics majors, the single most
often considered alternative was engineering and computer science, tut fully
half the students considered taking a non-science major.

As with the Honors Mathematics Study, majors were asked to rate the
frequency of several activities in their mathematics or physics classes (on a
scale from 1=often to 4=never). Table 5, which summarizes their responses
with a mean score on each item, indicates that there was only one significant
gender difference among the thirteen activities. While the males noted that they
sometimes attended special lectures in their department (mean score = 2.35),
females were "rarely” to "never" likely to do so (3.42). Unlike their female
counterparts in honors who tended to discontinue honors mathematics, these
women were not any more likely than the men to have "felt SO stuck” that they
gave up on a problem (2.33 vs. 2.27).

Like the honors students, the majors--male and female--were most likely
to say that they felt good that they were able to conquer something that at first
seemed too difficult for them. They also "often" to "sometimes"” felt that their hard
work paid off. They studied with other students and asked questions in class.
They were "rarely” likely to feel throughout a course that it was far above their

level. And few of either gender participated in activities of the
Mathematics/Physics club.

Pe i aram

As reported earlier, more women than men found a lack of
encouragement in terms of the honors mathematics program. Does this extend
to other experiences with faculty members?

Table 6 confirms that the perception of lack of encouragement was more
pervasive among female students than male students. Whereas almost three-
quarters cf the men told us that a professor had taken a special interest in them
as a student, less than half of the women did so. Among those who felt they
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were encouraged--and aimost half of the women did--most said a professor had
counseled them about course work. Few students of either gender did any
research or special projects with a professor or graduate student while they
were at Michigan.

Not only is there a perception of lack of encouragement among women in
the Mathematics and Physics Departments, but more active discouragement
was reported by the women as well. Table 7 presents responses to a question
about whether any professors had had a particularly discouraging effect on the
student's interest in mathematics or physics. Over half (54%) of the women said
yes, compared to 38% of the men. The form this discouragement took varied.
Most often it was just poor teaching, but women also noted a particuiar type of
discouragement--discouraging comments--made by faculty.

We find additional evidence of discouragement, and a greater focus on
teaching as evidence of that discouragement, in the students’ responses to
questions about concentration advisors. First, over half of the students replied
that they had never had a regular concentration advisor, 63% of the males and
46% of the females (see Table 8). At the same time, they felt that the advisors
they did have were very good or good in most respects, but especially in
knowing the facts about courses and encouraging them to take challenging
courses. Women graded their advisors considerably lower than did men on
encouraging them to take challenging courses (2.23 versus 2.92 where 2=very
good and 3=good). The factors that received the lowest grades were providing
career information (3.02 versus 3.12) and directing students to good courses
and teachers (3.02 versus 3.19). For the latter factor the difference between
males and females is significant.

Feelings about lack of challenge were reflected in students’ comments
about changes in the program. When we asked them if the degree
requirements were reasonable, over three-quarters said yes. But they also
offered some constructive criticism about a few things that could be different.
Men again gave more varied responses than women and mostly mentioned a
specific class that might be added. Women, however, focused heavily on
challenge. Half of those who responded to this question felt that the
requirements were too lenient. (See Table 9.)

Achievement and Factors Necessary for Success
As noted earlier, the Honors Mathematics Study found little difference in

ability between the male and female students but greater differences in
perceptions. Such is the case among the mathematics/physics majors as well.

Women and men performed equally well, according to their self-reported
grade point averages for high school and college overall (see Table 10).
However, there was a near-significant tendency for the women to have a slightly
lower mathematics/physics grade point average than men (3.27 vs. 3.02). Both
men and women felt their grades were fairly well reflective of what they had
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learned at the University although women were less certain of that than the men
(2.10 vs. 2.40).

When asked to rate their level of confidence in a series of mathematics
skills, men and women for the most part responded equally (see Table 11). But
taking an average across all mathematics skills reveals a near-significant
difference. The overall mean of the seven items was 1.89 for men where
1=completely confident and 2=somewhat confident. For women, it was 2.05.

Most students derived their confidence from the following skills:
algebraic mampulation, mathematics intuition, formal mathematics, geometric or
spatial perspectives and applying mathematics to other sciences. Both men
and women felt less confident about their ability to conjecture new results and
do formal rigorous proofs. The largest difference between males and females is
found in this latter skill, though this was not significant. Women were "not very
confident" that they could do formal rigorous proofs, whereas men felt
"somewhat" confident (3.04 and 2.69, respectively).

Similarly, males and females tended to agree more often than not on
what factors were important to their academic performance in their
concentration programs. (see Table 12). Foremost among these were an
intrinsic interest in the subject, effort, a natural ability in the subject matter, and
the quality of instruction. All agrred that the three factors most harmful to their
performance were the breakup of an important relationship, academic anxiety
and understudying. This same configuration of factors was evident among the
Honors mathematics students.

On the other hand, male and female students responded differently with
regard to three factors affecting their performance: the influence of their gender,
grading practices and studying with other students. Men were more likely to say
that having a faculty member of their gender take on interest in them had helped
them in their program (see Table 12). They also noted that being treated
differently because of their gender had had the same effect (2.85 vs. 3.15).
Women, on the other hand, felt they had profited more from the grading
practices in mathematics/physics courses (2.29 vs. 2.93) and in studying with
other students (1.65 vs. 2.09). Indeed, studying with other students is the most
highly rated factor among women.

nder |nflyen in ncentration Progr

The influence of gender was again evident when the students were
asked directly if they noted any differences in the departments in the treatment
of students by gender. About a quarter of both males and females said they had
noticed that gender affected the treatment of students in their department (Table
13). The women, more than the men, believed that this took the form of bias
against women, 86% vs. 39%. The men were more unclear as to whether
women were or were not treated unfavorably. While a few (8%) indicated there
was a bias for women, others (8%) noted a bias against all students, but most
(46%) gave an ambiguous response.

79 0




Eost-college Plans

Table 14 outlines the immediate post-college plans of the
mathematics/physics majors. Observing individually where the students
planned to work or what area in graduate education they were pursuing
reveals no gender difference. It is when a composite is made of work versus
graduate school plans that a trend becomes evident. The female graduates
were more likely to be taking a paid position (62% vs. 39%) and the males were
going to graduate school (27% vs. 48%). This is probably an outcome of their
subspecialities with women more likely to be teachers and actuaries. But it also
highlights a finding in the literature that women, regardless of ability, are less
likely to follow the traditional path from undergraduate to graduate school.

i ion

The experiences and attitudes of all mathematics and physics majors at
the University of Michigan reveal a strong emphasis on the importance of good
teaching and the need for faculty encouragement for women students. This lack
of encouragement was perceived by the women in several types of faculty
interactions: less encouragement to take more challenging or better taught
courses either in honors counseling or in concentration advisor counseling; no
special interest taken by professors; active discouragement by poor teaching
and discouraging remarks. Clearly, this lack of encouragemant does not resuit
from the fact that the women are poor students. Indeed, not only do they do
nearly as well as the men, but they even suggest program changes because
they deemed the requirements too lenient.

The results from our surveys, coupled with findings from other
researchers, reveal that good teaching, faculty encouragement, and providing
appropriate challenges are important factors in creating learning environments
which foster the self-confidence and achievement of women.
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Table 1

DESCRIPTION QF SAMPLE
(MATHEMATICS/PHYSICS MAJORS)

Males Eemales
N rof R nden

49 26

Ethnici
White 86% 89%
Black 0 4
Hispanic 2 0
Asian 4 8
Other 8 0
Major
Mathematics 58% 92%
Physics 35 8
Mathematics and Physics 4 0
Other combined program 2 0
M ' ial
Teaching 7% 25%
Actuarial 31 29
Pure and Applied 62 46

(N) (29) (24)

anot significant (p=>.1C)




Table 2
CHARACTERISTICS OF INFLUENTIAL MATHEMATICS/PHYSICS COURSES
(MATHEMATICS/PHYSICS MAJORS)

Males  Eemales

Pasitive Infl a
Excellent instructor; well-taught 29%P 67%
Material was interesting; fun 43 33
Added to my understanding 33 47
Rigorcus; challenging 33 13
Reaffirmed my interestin the area

for rnajor/as career 24 33
General comments; great; good 17 0
Prerequisite; required for major 12 7
No effect 2 0
Other 5 0

(combined N) (42) (15)
Negative Influences?
Poorly taught; professor difficult to understand 56% 75%
Material was not interesting; dry 44 40
Useless course; terrible class 23 31
Material was too abstract 9 25
Made me consider changing my major 9 0
General comments; disliked it . 5 0
Required course 14 0
No effect 2 0
Other 9 13

(combined N) (43) (18)

aStudents were asked to list the courses they had taken at Michigan which had made
either the greatest or the least contributions to their knowledge and understanding of
their field. They were then asked to explain briefly why they chose that course and
how it had affected their enthusiasm for majoring in their field.

bOpen-ended question. Multiple response allowed. Does not add to 100%.
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Table 3
HONORS MATHEMATICS AND PHYSICS PROGRAM

(MATHEMATICS/PHYSICS MAJORS)

Males Females Chi-square

Informed of Honors? 5.40 (p=.07)
% Yes 53% 38%

(N) (49) (24)
if Yes:
Encourag i k nors? 10.11* (p=.02)
Encouraged 52% 10%
Discouraged 15 0
Neither 33 90

(N) (27) (10)
Percent taking Honors course
% Yes 14% 12% ns

(N) (49) (26)

*p<.05, **p<.01, ***p<.001
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Table 4

SELECTION OF MAJOR
(MATHEMATICS/PHYSICS MAJORS)

Males @~ Eemales  Chi-square

Intended major at enroliment ns
Engineering " 10% 23%
Mathematics 15 32
Physics 23 5
Gther 53 41

(N) (40) (22)
Level of commitment to intended [-test
majora
% Yes 1.50 1.35 ns

(N) (44) (23)
in mathematics/physics? hi-

ns

Before college 18% 13%
Freshman 16 17
Sophomore 33 46
Junior 33 21
Senior 0 0

(N) (43) (24)
that time

ns

Engineering 11% 22%
Computer Science 14 9
Chemistry 11 4
Physics 11 4
Mechanical Engineering 5 9
Other 49 52

(N) (37) (23)
Ever consider changing major? ns
%Yes 22% 28%

(N) (49) (25)

aVariable ranges from 1=strong commitment to 5=weak commitment.
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Table 5
EREQ STUI T
IN CONCENTRATION PROGRAM
(MATHEMATICS/PHYSICS MACORS)

Males  FEemales  T-est

Felt good that you were able to
conguer something that at first

seemed too difficult for you 1.672 1.46 ns
Felt that your hard work paid off 1.75 1.69 ns
Studied with other students 2.00 1.92 ns
Asked questions in class 2.06 2.35 ns
Tutored others in mathematics/physics 2.08 2.50 ns

Talked over problems with a
professor 2.30 2.15 ns

Socialized with other
mathematics/physics majors 2.31 2.31 . ns

Attended special lectures in your
department 2.35 3.42 -3.05**

Felt so stuck that you gave up on
a problem 2.33 2.27 ns

Felt you would never be able to
solve an assigned problem 2.42 2.15 ns

Made a big mistake in solving a
problem (or on & tast) and
later recouped 2.49 2.38 ns

Felt throughout a course that it
was way above your level 2.81 2.50 ns

Participated in activities of the
Mathematics/Physics club 3.25 3.50 ns

aA|l variables were coded 1=often, 2=sometimes, 3=rarely, 4=never.

*p<.05, **p<.01, ***p<.001
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Table 6

ENCOURAGEMENT BY FACULTY
(MATHEMATICS/PHYSICS MAJORS)

Males @ Eemales

rof ke specig| interest |
you as a student?
% Yes 72% 46%
(N) (47) (26)
It yes: In what ways have they
expressed that interest?
Counseling: grad school, work 19% 20%
Counseling: course work 31 40
Counseling: other 8 0
Nonspecific: helpful, encouraging 19 20
Other 23 20
(26) (10)
Hav ne r rch (or ial
project) with professor (or teaching qraduat jont) whi
Michigan?
% Yes 29% 19%
(N) (48) (26)

*p<.05, **p<.01, ***p<.001
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Table 7
DISCOURAGEMENT BY FACULTY
(MATHEMATICS/PHYSICS MAJORS)

Males Females Chi-square

Have any professors had a paricularly

i - i 4 "
math/physics? 6.08" (p=.08)
% Yes 38% 54%

(N) (45) (24)

. What di

discourage you? ns
Poor teacher 44% 23%
Lack of enthusiasm 6 15
Lack of patience/sympathy 19 15
Made discouraging remarks 6 23
Other : 25 23

(N) (16) (13)

*p<.05, **p<.01, ***p<.001
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Table 8
CONCEN N ADVI
(MATHEMATICS/PHYSICS MAJORS)

Males Eemales Chi-square

v requl

n rati visor? ns
% Yes 63% 46%

(N) (49) (26)

w was th

advisora at Ttest
Knowing the facts about

courses 2.08b 2.46 ns
Encouraging you to take

challenging courses 2.23 2.92 ns
Makirg concrete

suggestions 2.60 2.80 ns
Getting to know you and

your interests 2.84 3.04 ns
Helping you clarify your

academic plans 2.84 3.08 ns
Providing career

information 3.02 3.12 ns
Directing you to good

courses and teachers 3.02 3.19 -2.34"
Overall mean of seven items 2.67 2.92 ns

aThe following questions were asked about either a regular concentration or about
advisors in general.

bAll variables were coded 1=excellent, 2=very good, 3=good, 4=fair, 5=poor.

*p<.05, **p<.01,"**p<.001
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Table ¢
CHANGES IN PROGRAM
(MATHEMATICS/PHYSICS MAJORS)

Males Eemales  Chi-square

Degree requirements reasonable?

% Yes 75% 85% ns
(N) (48) (26)

If no, what changes? ns

Add specific class 38% 25%

More integration of courses 13 0

Eliminate specific class 13 0

Requirements too lenient 6 50

Other 31 25
(N) (33) (22)
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Table 10
CRADES?A
(MATHEMATICS/PHYSICS MAJORS)

Males Eemales I-test
High school G.P.A.. 3.77 3.77 ns
(N) (49) (26)
Overall college G.P.A. 3.22 3.12 ns
(N) (48) (25)
G.P.A. in major 3.27 3.02 1.95 (p=.055)
(N) (45) (24)
Grades are reflective of what
I've learnedP 2.10 2.40 ns
(N) 148) (25)

aAll grades are self-reported

bVariable 